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TITLE OF INVENTION 

DIAGNOSTIC TEST FOR WEST NILE VIRUS 
REFERENCE TO RELATED APPLICATIONS 

A claim of priority is made to United States Provisional Application Nos. 60/422,755, 
filed October 31, 2002 and 60/476,513, filed June 6, 2003. Reference is also made to: PCT 
application PCT/US02/09036, filed on March 11, 2002 and published as WO 02/072036 on 
September 19, 2002, which claims priority to United States Provisional Application No. 
60/275,025, filed March 12, 2001, and United States Provisional Application No. 60/281,947, 
filed April 5, 2001; and reference is made to United States Provisional Application No. 
60/402,860, filed August 8, 2002, the disclosures of which are hereby incorporated by 
reference in their entireties. Each of the documents cited herein (herein cited documents), and 
each of the documents cited in each of the herein cited documents, together with any 
manufacturer's specifications, data sheets, descriptions, product literature, instructions and the 
like for any products mentioned herein or in herein cited documents or in documents cited in 
herein cited documents, is hereby incorporated herein by reference. None of the documents 
incorporated by reference into this text is admitted to be prior art with respect to the present 
invention, but, documents incorporated by reference into this text may be employed in the 
practice of the invention. 
FIELD OF THE INVENTION 

The instant invention relates generally to the field of diagnostic assays for the 
detection of viruses, infectious organisms, antibodies, and autoimmune diseases. More in 
particular, this invention relates to compositions and methods for diagnosing a flavivirus 
infection. Even more in particular, this invention relates to the use of isolated and/or purified 
polypeptides of West Nile virus (WNV), which includes recombinant, synthetic and fusion 
proteins comprising the polypeptides or a nucleic acid molecule encoding a WNV 
polypeptide, whereby the WNV polypeptide is substantially pure and of authentic 
conformation and is reactive with antibodies against WNV and strongly cross-reactive with 
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antibodies against one or more members of the genus Flavivirus, advantageously Japanese 
encephalitis virus (JEV), St. Louis encephalitis virus (SLEV), and Dengue virus (DENV); and 
are useful to detect a flavivirus infection or exposure in a subject capable of being infected by 
a flavivirus or capable of mounting an immune response (e.g. production of antibodies) 
against a flavivirus or a flavivirus antigen, without needing to specify as to which flavivirus is 
the source of infection or exposure, e.g., to rapidly determine whether a subject has a 
flavivirus infection or has been exposed to a flavivirus. 

The instant invention is further directed to a novel method for the rapid detection of 
antibodies to a flavivirus or an antigen thereof using a microsphere immunoassay under 
conditions that provide enhanced reaction kinetics to provide a more cost-effective, rapid, and 
sensitive approach to detecting antibodies in a biological specimen against a substantially pure 
WNV polypeptide of authentic conformation which reacts with antibodies against WNV and 
strongly cross-reacts with antibodies against a flavivirus, advantageously JEV, SLEV, and/or 
DENV. In one embodiment, the instant invention further provides a method to detect a recent 
or acute infection utilizing an immunodepletion step to remove a subpopulation of antibodies, 
such as IgG or IgM antibodies, raised against the WNV polypeptide of the instant invention. 

Also within the scope of this invention are diagnostic kits comprising reagents and 
including an isolated and/or substantially purified WNV polypeptide of authentic 
conformation or a nucleic acid encoding the said WNV polypeptide, for the detection of a 
recent, current or prior flavivirus infection or exposure to a flavivirus antigen or polypeptide 
in a subject susceptible thereto. 

The present invention also relates to the use of isolated and/or purified nonstructural 
polypeptides of WNV, which includes recombinant, synthetic and fusion proteins comprising 
the nonstructural polypeptides or a nucleic acid molecule encoding a WNV nonstructural 
polypeptide, whereby the WNV nonstructural (NS) polypeptide is substantially pure and of 
authentic conformation and is reactive with WNV antibodies with specificity wherein the 
WNV NS polypeptide is not substantially cross-reactive with antibodies against one or more 
members of the genus Flavivirus, such as, for example, JEV, SLEV, or DENV. 
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The nonstructural polypeptides of the present invention are useful for specifically 
detecting a WNV infection or exposure in a subject capable of being infected by a WNV or 
capable of mounting an immune response (e.g. production of antibodies) against a WNV or a 
WNV antigen in a time-efficient manner, i.e., to rapidly determine whether a subject has a 
WNV infection or has been exposed to a WNV. 

The nonstructural polypeptides of WNV which are reactive with WNV antibodies with 
specificity but are not substantially cross-reactive with antibodies against another Flavivirus, 
such as, for example, JEV, SLEV, or DENV, may also be used to identify recently acquired 
WNV infections within a period of up to approximately a year or less post-infection. Also 
within the scope of the invention is the use of the nonstructural polypeptides of WNV to 
discriminate between vaccination with a killed virus vaccine and a natural infection with 
WNV. For example, such an application of the present invention can be used to determine 
which members of a population of horses are vaccinated and which are infected or carriers of 
WNV. 

The present invention also relates to the use of isolated and/or purified nonstructural 
(NS) polypeptides of the four known strains of DENV, namely, DENV-1, DENV-2, DENV-3, 
and DENV-4, (a) to rapidly detect a DENV infection with specificity as to the which strain is 
the source of infection, (b) to rapidly discriminate between past DENV infections and current 
DENV infections, and (c) to discriminate between a general flavivirus infection and a DENV 
infection. The isolated and/or purified NS polypeptides of the invention include recombinant, 
synthetic and fusion polypeptides comprising the DENV NS polypeptides or a nucleic acid 
molecule encoding the DENV NS polypeptide, whereby the DENV NS polypeptides may be 
substantially pure and of authentic conformation. 

For the purposes of this invention, a "serospecific DENV" refers to a single strain of 
DENV, namely DENV-1, DENV-2, DENV-3, or DENV-4. Further, a "serospecific" protein 
or antigen is such that the protein/antigen has been obtained from a specific strain DENV, 
namely a protein/antigen obtained from DENV-1, DENV-2, DENV-3, or DENV-4. 
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DENV NS polypeptides of a first particular strain show specificity for antibodies 
raised against the same first DENV strain and are not cross-reactive with antibodies against 
other DENV strains. For example, NS of DENV- 1 will show specificity to anti-DENV-1 sera, 
but will not be reactive with sera raised against DENV-2, -3, or -4. In addition, like WNV 
NS proteins, the DENV NS polypeptides are not substantially cross-reactive with antibodies 
against one or more members of the genus Flavivirus, such as, for example, JEV, SLEV, or 
WNV. Thus, the DENV NS can be used to discriminate between a general flavivirus 
infection and a DENV infection. In addition, since the antibodies to DENV NS proteins are 
not persistent, the DENV NS proteins can be used to detect recently acquired infections or 
current infections. 

The present invention also contemplates diagnostic kits comprising reagents and 
including an isolated and/or substantially purified WNV nonstructural polypeptide of 
authentic conformation or a nucleic acid encoding the said WNV nonstructural polypeptide, 
for the detection of a recent or current WNV infection or exposure to a WNV antigen or 
polypeptide in a subject susceptible thereto. 
BACKGROUND OF THE INVENTION 

In the summer of 1999, an outbreak of encephalitis in humans that was associated with 
mosquitoes occurred in New York City (CDC, MMWR, 48, pp. 845-9 (1999); CDC, MMWR, 
48, pp. 944-6 (1999); D.S. Asnis et al., Clin Infect Dis, 30, pp. 413-8 (2000)). At 
approximately the same time, American crows began dying in the Northeastern United States, 
many in Fairfield County, Connecticut. Two reports in December of 1999 demonstrated that 
these outbreaks in birds and humans were actually due to WNV virus transmitted by 
mosquitoes (R.S. Lanciotti et al., Science, 286, pp. 2333-7 (1999); J.F. Anderson et al., 
Science, 286, pp.233 1-3 (1999)). It is clear from these reports that WNV was the cause of the 
1999 outbreak of fatal encephalitis in the Northeastern United States. This is the first reported 
appearance of WNV in the Western Hemisphere. 

Future outbreaks of WNV in the United States are a new and important public health 
concern. To date, the only method for preventing WNV infection is spraying large geographic 
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areas with insecticide to kill mosquito vectors. Spraying is difficult, potentially toxic to 
humans, requires repeated applications and is incompletely effective. There is no known 
vaccine for use in humans against WNV. 

WNV is a member of the family Flaviviridae, genus Flavivirus belonging to the 
Japanese Encephalitis antigenic complexes of viruses. This sero-complex includes JEV, 
SLEV, Alfuy, Koutango, Kunjin, Cacipacore, Yaounde, and Murray Valley Encephalitis 
viruses. This Flaviviridae family also includes the Tick-borne encephalitis virus (TBEV), 
Dengue virus (including the four strains of: DENV-1, DENV-2, DENV-3, and DENV-4), and 
the family prototype, Yellow Fever virus (YFV). WNV infections generally have mild 
symptoms, although infections can be fatal in elderly and immunocompromised patients. 
Typical symptoms of mild WNV infections include fever, headache, body aches, rash and 
swollen lymph glands. Severe disease with encephalitis is typically found in elderly patients 
(D.S. Asnis et al., supra). For the most part, treatment of a subject having a flavivirus 
infection is a symptomatic treatment, i.e. the general symptoms of a flavivirus infection are 
treated, such that for initial treatment, mere knowledge of the infection being a flavivirus 
infection may be sufficient. However, in certain other cases rapid and accurate diagnosis of 
the specific flavivirus, particularly WNV, is critical such that the most appropriate treatment 
can be initiated. 

Moreover, with respect to the blood suppy (e.g., donor blood to be supplied to 
patients), and donor organs (e.g., organs to be supplied to patients), there is a need to rapidly 
determine whether the blood or organs are contaminated by a flavivirus, e.g., determine 
whether the donor suffers from a flavivirus infection, without needing to know specifically 
which flavivirus is the source of infection. Conversely, there is also a need for rapid and 
accurate detection of a specific flavivirus such as WNV since it may be important in some 
cases to delimit the spread of WNV through the blood supply. 

Flavivirus infections are a global public health problem (C.G. Hayes, in The 
Arboviruses: Epidemiology and Ecology, T.P. Monath, ed., CRC, Boca Raton, FL, vol. 5, 
chap. 49 (1989); M.J. Cardosa, Br Med Bull, 54, pp. 395-405 (1998); Z. Hubalek and J. 
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Halouzka, Emerg Infect Dis, 5, pp. 643-50 (1999)) with about half of the flavi viruses causing 
human diseases. These viruses are normally maintained in a natural cycle between mosquito 
vectors and birds, where humans and horses are considered dead-end hosts. Birds, including 
the American crow, Corvus brachyrhynchos, can serve as non-human reservoirs for the virus. 
In the case of WNV, the virus is transmitted to man by mosquitoes, which in the Northeastern 
United States are primarily of the genera Culex and Aedes, in particular C pipiens and A. 
vexans. 

Flaviviruses are the most significant group of arthropod-transmitted viruses in terms of 
global morbidity and mortality. An estimated one hundred million cases coupled with the 
lack of sustained mosquito control measures, has distributed the mosquito vectors of 
flaviviruses throughout the tropics, subtropics, and some temperate areas. As a result, over 
half the world's population is at risk for flaviviral infection. Further, modern jet travel and 
human migration have raised the potential for global spread of these pathogens. Thus, in 
certain cases, early and rapid detection of a flavivirus infection or of exposure to a flavivirus 
antigen, without needing to be specific as to which flavivirus, is important. Conversely, it 
may also be critical to accurately and confidently know the identity of the specific flavivirus 
causing the infection. 

The WNV, like other flaviviruses, is enveloped by host cell membrane and contains 
the three structural proteins capsid (C), membrane (M), and envelope glycoprotein (E 
glycoprotein). The E glycoprotein and M proteins are found on the surface of the virion 
where they are anchored in the membrane. Mature E glycoprotein is glycosylated, whereas M 
is not, although its precursor, prM, is a glycoprotein. In other flaviviruses, E glycoprotein is 
the largest structural protein and contains functional domains responsible for cell surface 
attachment and intraendosomal fusion activities. In some flaviviruses, E glycoprotein has 
been reported to be a major target of the host immune system during a natural infection. 

In general, the flavivirus genome which is replicated in the cytoplasm of the infected 
cell is a single positive-stranded RNA of approximately 10,500 nucleotides containing short 5' 
and 3' untranslated regions, a single long open reading frame (ORF), a 5' cap, and a 
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nonpolyadenylated 3' terminus. The flavivirus genome encodes a single polyprotein which is 
co- and post-translationally processed by viral and cellular proteases into the three structural 
proteins, C (capsid), prM/M (premembrane/membrane), and envelope (E glycoprotein) and 
seven nonstructural proteins, NS1 (nonstructural protein 1), NS2A, NS2B, NS3, NS4A, 
NS4B, and NS5 (T.J. Chambers et al., Ann Rev Microbiol, 44, pp. 649-88 (1990)). 

With respect to post-translational processing of the polyprotein, the sites of proteolytic 
cleavage in the YFV, which is likely to be predictive of the sites of cleavage in all 
flaviviruses, have been determined by comparing the nucleotide sequence and the amino 
terminal sequences of the viral proteins. Subsequent to initial processing of the polyprotein, 
prM is converted to M during virus release (G. Wengler at al., J Virol, 63, pp. 2521-6 (1989)), 
and anchored C is processed during virus maturation (Nowak et al., Virology, 156, pp. 127-37 
(1987)). In some flaviviruses, the E glycoprotein is the major virus antigen involved in virus 
neutralization by specific antibodies (Martin D.A., et al. 2002, Clin Diagn Lab Immunol. 
9:544-9). 

The complete or partial genomes of a number of WNV isolates from the outbreak in 
the Northeastern United States have been sequenced. The complete sequence of WNV 
isolated from a dead Chilean flamingo (WN-NY99) at the Bronx Zoo was deposited in 
GenBank™ (accession number AF196835) (R.S. Lanciotti et al., supra). The genome of a 
WNV isolate from human victims of the New York outbreak (WNV-NY1999) was sequenced 
and deposited as GenBank™ accession number AF202541 (X-Y. Jia et al, The Lancet, 354, 
pp. 1971-2 (1999)). Partial sequences of isolates from two species of mosquito, a crow and a 
hawk from Connecticut are deposited as GenBank™ accession numbers AF206517- 
AF206520, respectively (J.F. Anderson et al., supra). Comparative phylogenetic analysis of 
the NY sequences with previously reported WNV sequences indicated a high degree of 
sequence similarity between the NY isolates and two isolates from Romania and one from 
Israel (J.F. Anderson et al., supra; X.-Y. Jia et al., supra; R.S. Lanciotti et al., supra). 
Furthermore, PCT WO 02/072056 relates to the WNV E glycoprotein and its use in 
diagnostics of WNV infections. Importantly, the referenced PCT does not at any 
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timerecognize that this antigen is strongly cross-reactive among flaviviruses, such as, JEV, 
SLEV, and DENV; rather, this PCT publication attempts to advance the proposition that the 
WNV E glycoprotein is specific for WNV and hence useful to diagnose or detect only WNV 
or to immunize or vaccinate against only WNV, contrary to the herein inventor's discoveries. 

While flaviviruses such as JEV, SLEV, and DENV exhibit similar structural features 
and components, the individual viruses are significantly different at both the sequence and 
antigenic levels. Indeed, antigenic distinctions have been used to define four different strains 
within just the DENV subgroup of the flaviviruses. Infection of an individual with one 
DENV strain does not provide long-term immunity against the other strains and secondary 
infections with heterologous strains are becoming increasingly prevalent as multiple strains 
co-circulate in a geographic area. Such secondary infections indicate that vaccination or prior 
infection with any one flavivirus may not to provide generalized protection against other 
flaviviruses. 

Serodiagnosis of WNV and other flavivirus infections currently requires a series of 
enzyme-linked immunosorbant assays (ELISA) and viral plaque reduction neutralization 
(PRN) tests. Specifically, the recommended assays for the identification of WNV infection of 
humans are the immunoglobulin M (IgM) antibody capture enzyme linked immunosorbent 
assay (MAC ELISA), the IgG ELISA (Martin, D. A., 2000, J. Clin. Microbiol. 38:1823-1826; 
Johnson, A. J., 2000, J. Clin. Microbiol. 38:1827-1831), detection of antibodies in 
cerebrospinal fluid or serum using a plaque assay (PRN test), isolation of the virus, and RT- 
PCR. Most public health laboratories in the United States are performing these assays 
according to protocols recommended by the Centers of Disease Control and Prevention 
(CDC). 

However, the currently available ELISA assays, while not precisely specific for WNV, 
do not provide for a general diagnostic assay for flavivirus infections (or exposure thereto) 
with other members of the JEV serogroup (including JEV and SLEV) and DENV because the 
cross reactivity of the assay to other flaviviruses is unreliable and inconsistent. Further, the 
currently used ELISA assays according to the CDC do not provide rapid results. Separate 
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assays are currently used to properly and reliably diagnose flavivirus infections other than 
WNV, such as, JEV, SLEV, and DENV and there is no available assay to reliably, 
consistently and rapidly detect a flavivirus infection, especially WNV, JEV, SLEV, or DENV. 
Accordingly, an antigen that is strongly cross-reactive to antibodies against JEV serogroup 
flaviviruses, especially JEV, SLEV, and DENV for use in a rapid diagnostic assay providing 
rapid results thereof would be an advance in the art since it would enable a general flavivirus 
detection assay when knowledge of the specific flavivirus is not necessarily needed. Further, 
in addition to the current assays that are used to diagnose specific flavivirus infections, 
antigens for use in new rapid diagnostic assay procedures for the specific diagnosis of a 
specific flavivirus, such as WNV, that are more accurate, reliable, and sensitive than those 
currently available would be an important advance in the art. 

When rapid, accurate, and sensitive detection of a flavivirus is desired wherein 
knowledge of the specific flavivirus is not required, an antigen with strong cross-reactivity 
between flaviviruses is desirable. Further, the antigens currently known in the art lack a 
sufficient cross-reactivity to allow for reliable, consistent, and accurate testing of a flavivirus 
infection. One reason limiting the cross-reactivity of current assays in the art, such as, the 
CDC ELIS A assay for the detection of WNV, may relate to the impurity of the antigens used 
in the assays. The assays used in the art for the detection of WNV and other flaviviruses 
typically utilize somewhat impure antigens that are contaminated with proportionally high 
levels of cellular protein and other macromolecules as a result of the purification process. In 
some cases, the concentration of contaminating protein, such as bovine serum albumin, is 
greater than the concentration of the antigen being prepared. These impurities can cause a 
significant reduction in the sensitivity of a given assay (i.e., higher levels of background 
signals relative to true detection signals) in detecting antibodies against a virus or pathogen of 
interest from a biological sample. For example, as a control reaction aimed at determining the 
relative level of background inherent with a given supplied antigen, a separate test of the 
tissue culture supernatant from which the antigen was obtained may be required. Thus, an 
antigen that is substantially pure, i.e., one that is not contaminated with unwanted protein or 
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other macromolecules, would be useful for screening for flavivirus infections or exposure 
thereto since it would provide for a more sensitive diagnosis. 

Further, the antigens currently used in the art for the detection of flaviviruses typically 
are damaged with respect to their three-dimensional structure. For example, damage may 
occur at specific protein domains or epitopes. Such structural damage is usually introduced 
during antigen purification and/or isolation wherein the antigen is often treated under harsh 
and/or destructive conditions that result in damage to an antigen's three-dimensional form. 
For example, the antigens currently prepared in the art may be treated with the chemical, 
polyethylene glycol ("PEG") to help carry out the precipitation of the antigen from solution 
for the purpose of increasing its concentration. This process can be harmful to a given antigen 
and may introduce irreversible damage to its structure. Additionally during purification, the 
antigens can be extracted using acetone. However, acetone extraction can lead to full and/or 
partial denaturation of the antigen, which, in turn, can result in an antigen having lost its 
authentic and/or native conformation. Further still, the extent, predictability, reliability, and 
consistency of cross-reactivity of an antigen is typically greater in the case of an antigen 
having a authentic and/or native conformation. Thus, it would be useful to have a WNV 
polypeptide (i.e., antigen) that is of authentic conformation to allow for a stronger, more 
predictable, more reliable and more consistent cross-reactivity to other flaviviruses, especially, 
JEV, SLEV and DENV. 

In contrast, in situations where cross-reactivity to multiple flaviviruses is undesirable, 
it would also be an improvement in the art to have available one or more polypeptides (i.e., 
antigens) that could be used to specifically detect antibodies against a specific flavivirus 
infection, especially WNV, more accurately, reliably, and rapidly without cross-reactivity with 
antibodies against other Flaviviruses, such as, for example, JEV, SLEV, or DENV. In other 
word, in addition to the utility of a polypeptide for the general detection of a flavivirus 
infection without regard as to which flavivirus, it would also be useful to detect a specific 
flavivirus infection, such as a WNV infection, using a specific antigen such that the detection 
of the WNV infection is more reliable, more rapid, and more accurate than currently known 
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methods. 

A number of serologic assays are routinely used for laboratory diagnosis of flavivirus 
infections: IgM antibody capture enzyme immunoassay (MAC-ELISA), indirect IgG ELIS A, 
indirect fluorescent antibody assay (IF AT), hemagglutination inhibition (HIT), and serum 
dilution cross-species plaque reduction neutralization tests (PRNTs) — each varying markedly 
in sensitivity, technical difficulty, turn-around time, and clinical utility of the results. 

A specific example of a current assay method to detect a flavivirus infection is an 
assay available from the CDC for the detection of a WNV infection using the COS-1 WNV 
recombinant antigen (NRA) (Davis, B.S. et ah, 2001, J. Virology 75:4040-4047). This 
antigen can be used in an ELIS A procedure to test biological samples for antibodies against 
WNV. Positive ELISA results are typically confirmed by plaque reduction neutralization 
(PRN) tests performed in a biosafety level 3 facility. Although this combination of assays is 
highly sensitive and specific, it requires several days to weeks and specialized facilities to 
perform the complete panel of tests. For example, the recommended ELISA procedure 
considered separately takes two to three working days to complete, as overnight incubations 
are deemed necessary to enhance sensitivity (Martin, D. A., 2000, J. Clin. Microbiol. 
38:1823-1826; Johnson, A. J., 2000, J. Clin. Microbiol. 38:1827-1831). Accordingly, the 
assays currently used in the art to test for WNV and/or other flavivirus infections, such as the 
COS-1 -based assay, are slow and do not provide rapid results. Thus, an assay for determining 
the presence of a flavivirus infection that is more rapid than those currently available in the art 
would be useful. 

Flavivirus infections occur globally and represent a continued health problem around 
the world. For example, WNV has recently reached the United States and presently 
constitutes a growing concern for health officials. Accordingly, surveillance is rapidly 
becoming more common and widespread. As a result of the increased surveillance, the 
demand by local health departments and state public health laboratories for critical serologic 
reagents is far exceeding the supply. Further, the current assays used for WNV detection, 
such as the CDC-recommended assays mentioned above, are slow and inefficient and do not 
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meet the growing needs of the general health community to rapidly identify infections and to 
effectively assess WNV epidemiology. Further, current assay methods for detecting WNV are 
not sufficient to meet growing needs for quicker, more efficient and more sensitive analysis of 
blood and organ supplies for flavivirus contamination, such as, contamination by WNV and 
other flavivirus species, including, JEV, SLEV, and DENV. Further still, there exists a need 
for new diagnostic assays directed to the detection of flavivirus infections in animals to 
faciliate the handling of infected animal populations or animal populations at-risk of infection. 
Such diagnostic assays could be in the form of a general flavivirus test wherein knowledge of 
the specific flavivirus in not required or of a specific flavivirus test, such as a specific test for 
WNV. 

Accordingly, there is a need in the art for methods and kits for improved diagnostic 
assays for the detection of infections by WNV and other flaviviruses in animals and humans, 
including JEV, SLEV, and DENV, that are more rapid, cost-effective, efficient and sensitive 
than the current diagnostic assays available in the art. Further, there is a need for a single 
assay to enable the general detection of a flavivirus, especially WNV, JEV, SLEV, and 
DENV, without the requirement of knowing exactly which species is the source of infection. 
Further still, there is a need in the art for an efficient, sensitive and cost-effective high- 
throughput diagnostic assay for large-scale detection of flaviviruses to allow for public health 
control over flaviviral diseases, for example, improving the study of flaviviral-disease 
epidemiology or improving the ability to analyze blood and organ supplies. In addition to the 
need for a general flavivirus detection method, there also exists a need for improved methods 
to enable the rapid and reliable detection of a specific flavivirus, such as WNV and DENV, 
without substantial cross-reaction to other flaviviruses. Moreover, with respect to DENV, 
there exists a further need for a method to reliably and rapidly descriminate between the 
different strains of DENV, including DENV-1, DENV-2, DENV-3, and DENV-4. Further 
still, a need exists for a method that is capable also of discriminating reliably between a recent 
and/or current flavivirus infection and a previous infection of a flavivirus in a manner that is 
either specific or nonspecific as to the flavivirus of the infection. 



12 



00I55269.DOC 



454311-2232.1 
PATENT 



OBJECTS AND SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an improved method for the 
diagnosis of a flavivirus infection, especially WNV, JEV, SLEV, and DENV, which is more 
sensitive, easier to use, and less expensive than methods used in the prior art; and further, 
wherein the improved method enables one to determine whether there is a flavivirus infection, 
for instance, infection by any of WNV, JEV, SLEV, or DENV, by a single assay. 

Another object of the present invention is to reduce the window between initial 
infection by a flavivirus, especially WNV, JEV, SLEV, and DENV, and initial detection of 
IgM and/or IgG antibodies against the infective flavivirus by providing a more sensitive and 
rapid assay which can separately determine IgG and IgM antibody levels. 

Yet another object of the present invention is to significantly reduce the time it takes to 
diagnose a flavivirus infection by providing a novel method for the rapid detection of a 
flavivirus using a microsphere immunoassay and conditions that enhance the reaction kinetics. 

Another object of the present invention is to significantly reduce the time it takes to 
diagnose a WNV infection by providing a novel method for the rapid and specific detection of 
WNV using a microsphere immunoassay and a WNV nonstructural antigen, such as NS5, 
which is reactive with antibodies against WNV with specificity but which does not 
significantly cross-react with antibodies against other flaviviruses. 

Yet another object of the present invention is to significantly reduce the time it takes to 
diagnose a flavivirus infection by providing a novel method for the rapid and specific 
detection of flavivirus, such as, but not limited to WNV and DENV, using a microsphere 
immunoassay and a flavivirus nonstructural antigen, especially NS5, which is reactive with 
antibodies against a specific type of flavivirus, such as WNV or DENV, with specificity but 
which does not significantly cross-react with antibodies against other flaviviruses. 

Still another object of the present invention is to significantly reduce the time it takes 
to diagnose a flavivirus infection by providing a novel method for the rapid and specific 
detection of flavivirus, such as, but not limited to WNV and DENV, using an 
immunochromatographic (also known as "lateral flow test" or "membrane strip test") and a 
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flavivirus nonstructural antigen, especially NS5, which is reactive with antibodies against a 
specific type of flavivirus, such as WNV or DENV, with specificity but which does not 
significantly cross-react with antibodies against other flaviviruses. 

A further object of the present invention is to significantly reduce the time it takes to 
diagnose a DENV-1 infection by providing a novel method for the rapid and specific detection 
of DENV-1 using a microsphere immunoassay and a DENV-1 nonstructural antigen, such as 
NS5, which is reactive with antibodies against DENV-1 with specificity but which does not 
significantly cross-react with antibodies against other DENV strains, including DENV-2, 
DENV-3, and DENV-4 or other flaviviruses. 

A still further object of the present invention is to significantly reduce the time it takes 
to diagnose a DENV-2 infection by providing a novel method for the rapid and specific 
detection of DENV-2 using a microsphere immunoassay and a DENV-2 nonstructural antigen, 
such as NS5, which is reactive with antibodies against DENV-2 with specificity but which 
does not significantly cross-react with antibodies against other DENV strains, including 
DENV-1, DENV-3, and DENV-4 or other flaviviruses. 

Yet another object of the present invention is to significantly reduce the time it takes to 
diagnose a DENV-3 infection by providing a novel method for the rapid and specific detection 
of DENV-3 using a microsphere immunoassay and a DENV-3 nonstructural antigen, such as 
NS5, which is reactive with antibodies against DENV-3 with specificity but which does not 
significantly cross-react with antibodies against other DENV strains, including DENV-1, 
DENV-2, and DENV-4 or other flaviviruses. 

Still another object of the present invention is to significantly reduce the time it takes 
to diagnose a DENV-4 infection by providing a novel method for the rapid and specific 
detection of DENV-4 using a microsphere immunoassay and a DENV-4 nonstructural antigen, 
such as NS5, which is reactive with antibodies against DENV-4 with specificity but which 
does not significantly cross-react with antibodies against other DENV strains, including 
DENV-1, DENV-2, and DENV-3 or other flaviviruses. 
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Another object of the present invention is to permit the broad application of the WNV 
E glycoprotein to the non-specific detection of flaviviruses, such as WNV, DENV, JEV, and 
SLEV through the inventor's own discovery that a substantially purified WNV E glycoprotein 
having an authentic conformation is reactive with antibodies against WNV and strongly, 
reliably, predictably and consistently cross-reactive with antibodies against various other 
flaviviruses, especially DENV, JEV, and SLEV. 

Still another object of the present invention is to provide a novel method to detect a 
recent or ongoing infection by WNV or a flavivirus, especially JEV, SLEV, and DENV, 
utilizing a microsphere immunoassay in combination with an immunodepletion step to 
remove IgG antibodies to enable the specific detection of IgM antibodies against the WNV E 
glycoprotein, which would be indicative of a likely recent or ongoing infection. 

Yet another object of the present invention is to provide a novel method to detect a 
protective immune response to an infection by WNV or a flavivirus, especially JEV, SLEV, 
and DENV, utilizing a microsphere immunoassay in combination with an immunodepletion 
step to remove IgM antibodies to enable the specific detection of IgG antibodies against the 
WNV E glycoprotein, which would be indicative of a protective immune response. 

A further object of the present invention is to provide a flavivirus antigen, especially, 
WNV E glycoprotein, WNV NS protein, such as NS5, or DENV NS proteins, such as NS5, 
coupled to a microsphere to be used in an immunoassay to detect anti-flavivirus antibodies in 
a biological specimen wherein the coupled antigen is highly stable over time such that 90% or 
more of the antigen's reactivity is preserved following 3 months or more of storage. 

Yet another object of the present invention is to provide a WNV nonstructural antigen, 
especially, the NS5 antigen, a nonstructural protein that forms a key enzyme in flavivirus 
RNA replication, that is reactive with WNV antibodies with specificity but which does not 
significantly cross-react with antibodies against other flaviviruses. 

Yet another object of the present invention is to provide a DENV nonstructural antigen 
from a specific strain of DENV, especially, the NS5 antigen, a nonstructural protein that 
forms a key enzyme in flavivirus RNA replication, that is reactive with DENV antibodies 
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raised to the same DENV strain with specificity but which does not significantly cross-react 
with antibodies against other DENV strains or other flaviviruses. 

Still a further object of the present invention is to provide a WNV nonstructural 
antigen, especially, the NS5 antigen, for use in a rapid diagnostic test to specifically detect 
WNV infection in humans and animals without any significant cross-reactivity with other 
Flavi virus infections. 

Another object of the present invention is to provide a DENV nonstructural antigen of 
a specific DENV strain, especially, the NS5 antigen, for use in a rapid diagnostic test to 
specifically detect an infection in animals, especially humans and monkeys (e.g. 
chimpanzees), by the same specific DENV strain without any significant cross-reactivity with 
other DENV strains or other flaviviruses. 

Another object of the present invention is to provide a flavivirus nonstructural antigen, 
especially, the WNV NS5 antigen and DENV NS5 antigens of each strain, for the use in a 
rapid diagnostic test to discriminate between vaccination with a killed virus vaccine and a 
natural infection with the flavivirus, especially WNV or DENV. 

Yet another object of the instant invention is to provide an assay utilizing a flavivirus 
nonstructural antigen, especially the WNV NS5 antigen and DENV NS5 antigens of each 
strain, to reliably discriminate an infection with a specific flavivirus, especially WNV or 
DENV, and infections of other fFlaviviruses, such as, for example JEV or SLEV. 

Yet a further object of the present invention is to significantly reduce the time it takes 
to diagnose a WNV infection by providing a novel method for the detection of a WNV 
infection using a microsphere immunoassay and conditions that enhance the reaction kinetics. 

Another object of the present invention is to provide a novel method to detect a recent 
or ongoing infection in humans and animals, including but not limited to birds, mice, and 
horses, by a flavivirus, especially WNV. 

Yet another object of the present invention is to provide a WNV antigen, especially 
WNV NS5 antigen, coupled to a microsphere to (i) reliably discriminate between WNV 
infections and infections of other flaviviruses such as DENV or SLEV; (ii) differentiate 
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between vaccination with inactivated flavivirus and natural WNV infection; and (iii) indicate 
recent infections in animals, including in particular, humans, birds, horses, cats and dogs. 

Still another object of the present invention is to provide a DENV antigen, especially 
DENV NS5 antigen from one of the four known strains of DENV, namely, DENV-1, DENV- 
2, DENV-3, and DENV-4, coupled to a microsphere (a) to rapidly detect a DENV infection 
with specificity as to the which strain is the source of infection, (b) to rapidly discriminate 
between past DENV infections, and current DENV infections, and (c) to discriminate between 
a general flavivirus infection and a DENV infection. 

Another object of the present invention is to provide a method of using a NS5-based 
immunoassay, especially WNV NS5, to determine whether animals, in particular, humans, 
birds, horses, cats and dogs, who have previously been vaccinated with a killed-flavivirus 
vaccine also have sustained new exposure to a flavivirus, especially WNV. 

Still another object of the present invention is to provide a sensitive, reproducible, 
rapid, and inexpensive diagnostic assay to detect the presence of antibodies to WNV in a 
sample using the WNV nonstructural protein NS5 antigen as a probe. 

The present invention endeavors to address the need in the art for a more rapid, 
efficient, cost effective and sensitive diagnostic assay for detecting WNV and/or other 
flavivirus infections in subjects suspected of carrying a WNV and/or flavivirus infection, such 
as subjects with encephalitis, meningitis, or fever of unknown origin. More in particular, this 
invention provides compositions and methods using purified WNV polypeptides, fragments or 
derivatives thereof for the rapid specific detection of an infection by WNV or the rapid 
detection of an infection by a flavivirus, advantageously, WNV, JEV, SLEV, and DENV, 
without needing to be specific as to the flavivirus. 

Moreover, and as herein demonstrated, the present invention relates to a novel use for 
the WNV E glycoprotein as an antigen to be used for the detection of antibodies against 
certain species of flaviviruses relevant to human disease, such as, WNV, JEV, SLEV, DENV, 
using a single assay to take the place of a multitude of assays currently used in the art for the 
detection of these flaviviruses. Thus, by the present invention, one can determine whether 
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there is a flavivirus infection, for instance, infection by any of WN V, JEV, SLEV, or DENV, 
by a single assay. The inventor has discovered that a substantially purified WNV E 
glycoprotein antigen having a substantially authentic conformation is reliably, consistently, 
predictably, and strongly cross-reactive to antibodies against any of WNV, JEV, SLEV, and 
DENV, and is therefore useful to broadly assay or test for flavivirus infection, non- 
specifically, e.g., in subjects, donors, blood, organs, etc. In contrast, antigens currently 
available in the art for the detection of DENV, SLEV, JEV, and WNV infections are often 
concentrated by polyethylene glycol and/or extracted with acetone, treatments which are likely 
to alter the structural domains of a given antigen. 

Another aspect of the present invention relates to a novel use for the WNV 
nonstructural protein, NS5 or a specific antigenic determinant or specific epitope thereof, as 
an antigen for the specific detection of antibodies against WNV. Importantly, the NS5 antigen 
is not cross-reactive to other Flaviviruses, such as, for example, JEV, SLEV, or DENV. Thus, 
in accordance with the present aspect of the invention, one can consistently, reliably, and 
accurately determine whether there is a WNV infection with the confidence and assurance that 
the detection signal is not due to cross-reactivity with other flaviviruses. 

In one aspect of the invention, it has been discovered that a substantially purified 
WNV NS5 antigen is reliably, consistently, predictably, and strongly reactive to antibodies 
against a WNV without having substantial cross-reactivity with other flaviviruses, such as, for 
example, JEV, SLEV, and DENV. Therefore, NS5 antigen is useful to specifically assay or 
test for WNV infection, e.g., in subjects, donors, blood, organs, etc. In contrast, current 
serologic diagnoses of WNV infection is based on detection of antibodies against viral 
structural proteins, such as the E protein. Although, the cross-reactivity of the E protein 
among flaviviruses, as also discovered by the instant inventors, is certainly advantageous with 
respect to its use as a rapid diagnostic for detecting a general flavivirus infection when 
knowing the identity of the flavivirus is not critical, it would also be desirable to have a rapid 
test that could confidently, accurately, and correctly identify a WNV infection with specificity 
and without cross-reactivity with other types of flaviviruses. 
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The methods currently available in the art are neither optimized for the detection of a 
general flavivirus infection nor are they optimized for specific detection of a particular 
flavivirus, such as WNV or DENV. For example, many of the currently available antigens are 
highly, but inconsistently, cross-reactive with multiple flaviviruses. Thus, the positive sera or 
spinal fluids detected by current methods must be verified by cross-species plaque reduction 
neutralization tests to exclude the possibility of infection with cross-reactive viruses such as 
SLEV and DENV. Further, these confirmatory plaque reduction tests have to be performed in 
level 3 biocontainment for many flaviviruses, which substantially lengthens the overall time 
required for a definitive serologic test. Thus, in contrast to the current methods used in the 
art, the advantages of the instant invention relate to, inter alia, the increased efficiency, speed, 
reliability and predictability of the specific detection of a WNV infection without significant 
cross-reactivity to other flaviviruses. 

In certain embodiments, the WNV polypeptides of the instant invention are derived 
from WNV isolates from the Northeastern United States, in particular from isolate 2741 
(GenBank accession No. AF206518; see Figure 37a-d) or from WNV 3356 from kidney of a 
New York crow used in the infectious cDNA clone developed by Dr. Pei-Yong Shi, GenBank 
accession no. AF404756 (see Figure 38a-d) (Shi et aL, 2002. Infectious cDNA Clone of the 
epidemic West Nile Virus from New York City, J. Virology 76:5847-5856.) More in 
particular, the WNV isolates of the present invention contain a WNV E glycoprotein (e.g. 
encoded by nucleotide positions 949-2451 of GenBank accession No. AF206518 of Figure 
37a-d) or an immunogenic fragment thereof or alternatively a WNV NS5 nonstructural protein 
(e.g. encoded by nucleotide positions 7681-10395 of GenBank accession No. AF404756 
shown in Figure 38a-d) or an immunogenic fragment thereof. This invention further provides 
methods for the production and isolation of said WNV polypeptides, such as E glycoprotein or 
NS5 protein, preferably by either recombinant or synthetic production methods, especially for 
use in flavivirus or WNV assays, respectively. One of ordinary skill in the art will certainly 
appreciate that the methods of the instant invention could be applied to corresponding proteins 
from other flaviviruses, especially DENV, and are not meant to be particularly limited to the E 
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glycoprotein and NS proteins of WNV or DENV. For example, the present invention 
contemplates the use of DENV NS5 antigen from any known strain, including DENV-1, -2, - 
3, and -4. In particular, the invention relates to the use of NS5 of DENV-1 "WestPac", 
encoded by nucleotide positions 7574-10270 of GenBank accession No. U88535 (see Figure 
39a-d) and NS5 of DENV-2 "New Guinea", encoded by nucleotide positions 7570-10269 of 
GenBank accession No. AF038403 (see Figure 40a-d). 

In a further embodiment, the instant invention provides a novel method of a 
microsphere immunoassay comprising microspheres that are coupled to substantially purified 
WNV E glycoprotein in an authentic conformation for use in detecting antibodies in a 
biological sample (e.g., bodily fluid, blood, serum, plasma, saliva, tears, feces, semen, 
mucous, tissue, tissue homogenate, cellular extract, or spinal fluid, inter alia) against 
flaviviruses, especially WNV, JEV, SLEV, and DENV. In this embodiment, a biological 
specimen, for example, bodily fluid, blood, serum, plasma, saliva, tears, feces, semen, 
mucous, tissue, tissue homogenate, cellular extract, or spinal fluid, inter alia, is contacted 
with microspheres coupled to WNV E glycoprotein which is strongly, reliably, predictably 
and consistently cross-reactive to antibodies against any of WNV, JEV, SLEV, and DENV 
under conditions sufficient to form a complex between the WNV E glycoprotein and any 
antibodies capable of recognizing and specifically binding thereto. The bound antibodies are 
then detected using a detection reagent, such as a secondary antibody coupled to a detectable 
fluorescent tag or to an enzyme, such as horseradish peroxidase. 

In another embodiment, the biological sample (e.g., bodily fluid, blood, serum, 
plasma, saliva, tears, feces, semen, mucous, tissue, tissue homogenate, cellular extract, or 
spinal fluidinter alia) may first be immunodepleted in order to remove or block a functional 
site of a specific antibody population, such as an IgM or IgG antibody population. 
Immunodepletion can be carried out by contacting the biological sample with a second 
antibody against the specific antibody subpopulation to be removed to form an insoluble 
complex, comprising the second antibody and antibody subpopulation to be removed, that can 
be subsequently removed by a separation process, such as centrifugation. 
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Accordingly, the instant invention can be used to specifically detect a recent or 
ongoing infection, for example, following IgG removal, or to specifically detect a protective 
immune response, for example, following IgM removal. 

In another embodiment, the present invention provides a novel method relating to a 
microsphere immunoassay comprising microspheres that are coupled to substantially purified 
WNV NS5 antigen for use in detecting in a biological sample (e.g., bodily fluid, blood, serum, 
plasma, saliva, tears, feces, semen, mucous, tissue, tissue homogenate, cellular extract, or 
spinal fluid, inter alia) antibodies specific to WNV wherein the NS5 antigen is not 
substantially cross-reactive with antibodies against other Flaviviruses, including WNV, JEV, 
SLEV, and DENV. In this embodiment, a biological specimen, for example, blood, plasma, 
serum, or spinal fluid, is contacted with the microspheres coupled to NS5 antigen which is 
strongly, reliably, predictably, consistently, and specifically reactive to antibodies against a 
WNV yet is not substantially cross-reactive against antibodies to other Flaviviruses, such as 
JEV, SLEV, and DENV. Subsequently, conditions are provided that allow for a complex to 
form between the NS5 antigen and anti-WNV antibodies capable of recognizing and 
specifically binding thereto. The bound antibodies are then detected using a detection reagent, 
such as a secondary antibody coupled to a detectable fluorescent tag or to an enzyme, such as 
horseradish peroxidase. 

Also within the scope of this invention are diagnostic kits and methods for detecting 
antibodies against WNV and other flaviviruses, especially JEV, SLEV, and DENV, 
characterized by the compositions of the present invention comprising at least one isolated 
and substantially purified polypeptide comprising a WNV E glycoprotein or an immunogenic 
fragment/derivative thereof in an authentic conformation whereby the WNV E glycoprotein or 
the immunogenic fragment/derivative thereof is reactive with antibodies against WNV and 
strongly, reliably, predictably and consistently cross-reactive with antibodies against 
flaviviruses, especially JEV, SLEV, and DENV. The cross-reactivity of the WNV E 
glycoprotein or immunogenic fragment/derivative thereof, is the inventor's own discovery 
which permits the broad application of the WNV E glycoprotein to the non-specific detection 
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of flaviviruses, such as WNV, DENV, JEV, and SLEV. Prior to the instant invention, one of 
ordinary skill in the art would not have unequivocally and/or reliably known WNV E 
glycoprotein having an authentic conformation strongly cross-reacts with antibodies against 
various flaviviruses, in addition to antibodies against WNV. 

In one embodiment, the diagnostic kits alternatively comprise at least one isolated and 
substantially purified polypeptide comprising a WNV NS5 antigen or an immunogenic 
fragment/derivative thereof whereby the WNV NS5 antigen or the immunogenic 
fragment/derivative thereof, especially of humans, birds, horses, cats, dogs, any animal or 
mammal, is specifically, strongly, reliably, predictably and consistently reactive with 
antibodies against WNV but is not substantially or detectably cross-reactive with antibodies 
against other flaviviruses, such as JEV, SLEV, and DENV. The specificity of the WNV NS5 
antigen towards WNV antibodies and the lack of cross-reactivity of NS5 with antibodies 
against other Flaviviruses permits the application of the WNV NS5 to the detection method of 
WNV as taught by the present application. As it is used herein, the phrase "detectably cross- 
reactive" is meant to refer to an antigen-antibody interaction that can be substantiated by 
measuring or detecting a binding complex formed from the interaction between the antigen 
and antibody. Thus, the recitation "not substantially or detectably cross-reactive" is meant to 
exclude antigen-antibody interactions that are non-specific, i.e. background "noise". 

The diagnostic kits and methods according to the present invention are also useful for 
detecting a protective immune response to WNV infection or infection by various flaviviruses, 
especially JEV, SLEV, and DENV. Further, the methods of the instant invention are also 
useful in monitoring the course of immunization against WNV and various flaviviruses. In 
patients previously inoculated with the vaccines against WNV or various flaviviruses, the 
detection means and methods disclosed herein are also useful for determining if booster 
inoculations are appropriate. The neutralizing antibodies which develop are primarily IgG 
antibodies, which are readily detectable in the microsphere immunoassay format of the present 
invention. 
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In an embodiment, the instant invention relates to a novel method for detecting a non- 
specific flavivirus infection, especially WNV, DENV, JEV, or SLEV, comprising the step of 
contacting a biological sample from a subject suspected of having said infection with an 
isolated and substantially purified polypeptide comprising a WNV E glycoprotein or an 
immunogenic fragment/derivative thereof having an authentic conformation wherein the E 
glycoprotein or the immunogenic fragment/derivative thereof is reactive with antibodies 
against WNV and strongly, reliably, predictably and consistently cross-reactive with 
antibodies against a flavivirus, especially JEV, SLEV, and DENV. 

In yet another embodiment, the present invention relates to a method for detecting a 
protective immune response in a subject comprising the step of contacting a biological sample 
from said subject with an isolated and substantially purified polypeptide comprising a WNV E 
glycoprotein or an immunogenic fragment thereof having an authentic conformation wherein 
the E glycoprotein or the immunogenic fragment thereof is reactive with protective antibodies 
against WNV and strongly, reliably, predictably and consistently cross-reactive with 
protective antibodies against a flavivirus, especially JEV, SLEV, and DENV. 

Also within the scope of the present invention is a method for detecting a first 
antibody to a flavivirus from a biological specimen of a subject suspected of being infected by 
said flavivirus comprising the steps of contacting the biological specimen with a substantially 
purified WNV E glycoprotein or an immunogenic fragment/derivative thereof having an 
authentic conformation under conditions to form a complex between the WNV E glycoprotein 
and the first antibody, if present, that recognizes and binds the WNV E glycoprotein followed 
by detecting the first antibody of said complex, wherein the WNV E glycoprotein is reactive 
to an antibody against a WNV and strongly, reliably, predictably and consistently cross- 
reactive to an antibody against a flavivirus, especially JEV, DENV, and SLEV. 

The instant invention further relates to a method for rapidly detecting a recent or 
ongoing flavivirus infection using a microsphere immunoassay to detect an IgM antibody 
against a flavivirus in a biological specimen by first contacting the biological specimen with 
anti-IgG antibodies to form IgG immune complexes followed by the removal of the IgG 
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complexes to form a biological specimen comprising IgM antibodies and lacking IgG 
antibodies. Next, the biological specimen is contacted with a microsphere comprising a 
substantially purified WNV E glycoprotein antigen or immunogenic fragment/derivative 
thereof having an authentic conformation to form a microsphere mixture under conditions 
sufficient to form a binding complex between the WNV E glycoprotein antigen and a IgM 
antibody whereby the WNV E glycoprotein antigen is reactive to antibodies against WNV and 
strongly, reliably, predictably and consistently cross-reactive to antibodies against a flavivirus, 
especially JEV, DENV, and SLEV. Next, the microsphere mixture is contacted with a 
detection reagent capable of detecting a IgM antibody. Finally, the detection reagent is 
detected wherein detecting the detection reagent indicates a recent or ongoing flavivirus 
infection. 

Also within the scope of the invention is a diagnostic kit comprising at least one 
isolated and purified polypeptide comprising a WNV NS5 protein or an immunogenic 
fragment thereof having an native conformation or non-denatured structure whereby the NS5 
protein or the immunogenic fragment thereof is specifically reactive with antibodies against 
WNV but not detectably cross-reactive with antibodies against a flavivirus other than 
WNV.The invention also provides a method for detecting a WNV infection in a subject 
suspected of having said infection comprising the steps of (a) contacting a biological sample 
(e.g., bodily fluid, blood, serum, plasma, saliva, tears, feces, semen, mucous, tissue, tissue 
homogenate, cellular extract, or spinal fluid, inter alia) from the subject with an isolated and 
substantially purified polypeptide comprising a WNV NS5 protein or an immunogenic 
fragment thereof having a native conformation or non-denatured structure whereby the NS5 
protein or the immunogenic fragment thereof is specifically reactive with anti-WNV 
antibodies but not detectably cross-reactive with antibodies against a flavivirus other than 
WNV, and (b) detecting anti-WNV antibodies that have reacted with the WNV NS5 protein, 
wherein detection of the anti-WNV antibodies indicates a WNV infection. 

The present invention further relates to methods for detecting a protective immune 
response in a subject comprising the step of contacting a biological sample from said subject 
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with an isolated and substantially purified polypeptide comprising a WNV NS5 protein or an 
immunogenic fragment thereof whereby the WNV NS5 protein or the immunogenic fragment 
thereof having a native conformation or non-denatured structure is specifically reactive with 
protective antibodies against WNV with no detectable cross-reactivity with protective 
antibodies against a flavivirus other than WNV. While antibodies to NS5 would not 
neutralize against infection, they could be effective in rapidly decreasing the spread of the 
infection. 

Also within the scope of the present invention is a method for detecting a first 
antibody to a WNV from a biological specimen of a subject suspected of being infected by 
said WNV comprising the steps of: (a) contacting the biological specimen with a substantially 
pure WNV NS5 protein or an immunogenic fragment thereof having a native conformation 
and non-denatured structure under conditions to form a complex between the NS5 protein and 
the first antibody, if present, that recognizes and binds the NS5 protein, (b) detecting the first 
antibody of said complex, wherein the NS5 protein is not detectably cross-reactive to an 
antibody against a flavivirus other than a WNV. 

The invention further relates to a method for rapidly detecting an anti-WNV antibody 
comprising the steps of: (a) contacting a biological sample (e.g., bodily fluid, blood, serum, 
plasma, saliva, tears, feces, semen, mucous, tissue, tissue homogenate, cellular extract, or 
spinal fluid, inter alia) with a microsphere suspension, each microsphere coupled to a 
substantially pure WNV NS5 protein having a native conformation or non-denatured 
structure whereby each NS5 protein is specifically reactive to antibodies against WNV but 
not detectably cross-reactive with antibodies against a flavivirus other than WNV, (b) 
incubating the microsphere suspension under conditions sufficient to increase reaction 
kinetics to promote the binding of an anti-WNV antibody to the NS5 proteins, (c) contacting 
the microsphere suspension with a detection reagent capable of detecting an anti-WNV 
antibody, (d) detecting the detection reagent, wherein detection of the detection reagent 
indicates the presence an anti-WNV in the biological sample. 
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The instant invention also contemplates a method for the detection of a WNV 
infection in a biological specimen comprising the steps of: (a) obtaining a suspension of 
microspheres each coupled to a substantially pure WNV NS5 protein having a native 
conformation or non-denatured structure wherein the WNV NS5 protein is specifically 
reactive with anti-WNV antibodies but not detectably cross-reactive with antibodies against a 
flavivirus; (b) performing a microsphere immunoassay; (c) obtaining a result indicating either 
the presence or absence of an anti-WNV antibody, wherein the presence of an anti-WNV 
antibody indicates a WNV infection. 

In another embodiment, the present invention relates to a method for discriminating 
between whether (1) a host has an ongoing WNV infection or (2) a host has been vaccinated 
with a killed-flavivirus vaccine wherein the host in the case of (1) has both anti-E 
glycoprotein antibodies and anti-NS5 antibodies but in the case of (2) has anti-E glycoprotein 
but not anti-NS5 antibodies comprising the steps of: (a) carrying out a first reaction 
comprising the steps of (i) contacting a biological sample (e.g., bodily fluid, blood, serum, 
plasma, saliva, tears, feces, semen, mucous, tissue, tissue homogenate, cellular extract, or 
spinal fluid, inter alia) from the host with a first detection reagent for the detection of anti-E 
glycoprotein antibodies, (ii) detecting said first detection reagent to provide either a positive 
or negative signal wherein a positive signal indicates the presence of anti-E glycoprotein 
antibodies and a negative signal indicates the absence of anti-E glycoprotein antibodies; (b) 
carrying out a second reaction comprising the steps of (i) contacting a biological sample from 
the host with a second detection reagent for the detection of anti-NS5 antibodies, (ii) detecting 
said second detection reagent to provide either a positive or negative signal wherein a positive 
signal indicates the presence of anti-NS5 antibodies and a negative signal indicates the 
absence of anti-NS5 antibodies; and (c) comparing the results of the first and second reactions 
wherein the following may be true: (i) a positive signal for anti-E glycoprotein antibody and a 
positive signal for anti-NS5 antibody indicates that the host has an ongoing WNV infection 
and (ii) a positive signal for anti-E glycoprotein antibody and a negative signal for anti-NS5 
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antibody indicates that the host does not have an ongoing WNV infection but may have been 
vaccinated with a killed-flavivirus vaccine. 

In yet another embodiment, ther instant invention relates to a method for detecting a 
recent or ongoing WNV infection in a host comprising the steps of: (a) carrying out a first 
reaction comprising the steps of (i) contacting a biological sample from the host with a first 
detection reagent for the detection of anti-E glycoprotein antibodies, (ii) detecting said first 
detection reagent to provide either a positive or negative signal wherein a positive signal 
indicates the presence of anti-E glycoprotein antibodies and a negative signal indicates the 
absence of anti-E glycoprotein antibodies; (b) carrying out a second reaction comprising the 
steps of (i) contacting a biological sample from the host with a second detection reagent for 
the detection of anti-NS5 antibodies, (ii) detecting said second detection reagent to provide 
either a positive or negative signal wherein a positive signal indicates the presence of anti- 
NS5 antibodies and a negative signal indicates the absence of anti-NS5 antibodies; and (c) 
comparing the results of the first and second reactions wherein the following may be true: (i) a 
positive signal for anti-E glycoprotein antibody and a positive signal for anti-NS5 antibody 
indicates that the host has a recent or ongoing WNV infection and (ii) a positive signal for 
anti-E glycoprotein antibody but a negative signal for anti-NS5 antibody indicates that the 
host does not have an recent or ongoing WNV infection. 

The present invention also endeavors to address the need in the art for a more rapid, 
efficient, cost effective and sensitive diagnostic assay for detecting DENV infections in 
subjects suspected of carrying a DENV infection. More in particular, this invention provides 
compositions and methods using purified DENV polypeptides, fragments or derivatives 
thereof for the rapid specific detection of an infection by DENV, advantageously where the 
the different strains, namely DENV-1, DENV-2, DENV-3, and DENV-4 can be discriminated. 

Another aspect of the present invention relates to a novel use for the DENV 
nonstructural protein, NS5 or a specific antigenic determinant or specific epitope thereof, as 
an antigen for the specific detection of antibodies against DENV. Importantly, the NS5 
antigen is not cross-reactive to other flaviviruses, such as, for example, JEV, SLEV, or 
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DENV. Also, the NS5 antigen shows specificity with antibodies to the particular strain (also 
referred to as "strain"), namely DENV-1, DENV-2, DENV-3, or DENV-4, from which is 
sourced from and is not measurably cross-reactive with the remaining DENV strains. Thus, in 
accordance with the present aspect of the invention, one can consistently, reliably, and 
accurately determine whether there is a DENV infection and the identity of the specific strain 
thereof with the confidence and assurance that the detection signal is not due to cross- 
reactivity with other flaviviruses or to other DENV strains. 

In one aspect of the invention, it has been discovered that a substantially purified 
DENV NS5 antigen is reliably, consistently, predictably, and strongly reactive to antibodies 
against a DENV without having substantial cross-reactivity with other flaviviruses, such as, 
for example, JEV, SLEV, and WNV. Therefore, DENV NS5 antigen is useful to specifically 
assay or test for DENV infection, e.g., in subjects, donors, blood, organs, etc. In contrast, 
current serologic diagnoses of DENV infection is based on detection of antibodies against 
viral structural proteins, such as the E protein. Although, the cross-reactivity of the E protein 
among flaviviruses, as also discovered by the instant inventors, is certainly advantageous with 
respect to its use as a rapid diagnostic for detecting a general flavivirus infection when 
knowing the identity of the flavivirus is not critical, it would also be desirable to have a rapid 
test that could confidently, accurately, and correctly identify a WNV infection with specificity 
and without cross-reactivity with other types of flaviviruses. 

In another embodiment, the present invention provides a novel method relating to a 
microsphere immunoassay comprising microspheres that are coupled to substantially purified 
DENV NS5 antigen for use in detecting in a biological sample (e.g., bodily fluid, blood, 
serum, plasma, saliva, tears, feces, semen, mucous, tissue, tissue homogenate, cellular extract, 
or spinal fluid, inter alia) antibodies specific to DENV wherein the NS5 antigen is not 
substantially cross-reactive with antibodies against other flaviviruses, including WNV, JEV, 
and SLEV. In this embodiment, a biological specimen, for example, blood, plasma, serum, or 
spinal fluid, is contacted with microspheres coupled to DENV NS5 antigen which is strongly, 
reliably, predictably, consistently, and specifically reactive to antibodies against its specific 
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corresponding DENV strain yet is not substantially cross-reactive against antibodies to other 
flaviviruses, such as WNV, JEV, and SLEV. Subsequently, conditions are provided that 
allow for a complex to form between the NS5 antigen and anti-DENV antibodies capable of 
recognizing and specifically binding thereto. The bound antibodies are then detected using a 
detection reagent, such as a secondary antibody coupled to a detectable fluorescent tag or to an 
enzyme, such as horseradish peroxidase. 

In one embodiment, the diagnostic kits of the invention alternatively comprise at least 
one isolated and substantially purified polypeptide comprising a DENV NS5 antigen of a 
specific strain thereof or an immunogenic fragment/derivative thereof whereby the DENV 
NS5 antigen or the immunogenic fragment/derivative thereof, especially of humans or birds, 
is specifically, strongly, reliably, predictably and consistently reactive with antibodies against 
DENV but is not substantially or detectably cross-reactive with antibodies against other 
flaviviruses, such as JEV, SLEV, and WNV. Further, the NS5 antigen is specific as to the 
particular DENV strain isolated therefrom and is not cross-reactive to the remaining DENV 
strains. The specificity of the DENV NS5 antigen towards DENV antibodies and the lack of 
cross-reactivity of DENV NS5 with antibodies against other flaviviruses (and to other DENV 
strains) permits the application of the DENV NS5 to the detection method as taught by the 
present invention. As it is used herein, the phrase "detectably cross-reactive" is meant to refer 
to an antigen-antibody interaction that can be substantiated by measuring or detecting a 
binding complex formed from the interaction between the antigen and antibody. Thus, the 
recitation "not substantially or detectably cross-reactive" is meant to exclude antigen-antibody 
interactions that are non-specific, i.e. background "noise". 

The present invention further relates to methods for detecting a protective DENV 
immune response in a subject comprising the step of contacting a biological sample from said 
subject with an isolated and substantially purified polypeptide comprising a DENV NS5 
protein or an immunogenic fragment thereof whereby the DENV NS5 protein or the 
immunogenic fragment thereof having a native conformation or non-denatured structure is 
specifically reactive with protective antibodies against DENV with no detectable cross- 
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reactivity with protective antibodies against a flavivirus other than DENV. While antibodies 
to DENV NS5 would not neutralize against infection, they could be effective in rapidly 
decreasing the spread of the infection. 

Also within the scope of the present invention is a method for detecting a first 
antibody to a DENV from a biological specimen of a subject suspected of being infected by 
said DENV comprising the steps of: (a) contacting the biological specimen with a 
substantially pure DENV NS5 protein or an immunogenic fragment thereof having a native 
conformation and non-denatured structure under conditions to form a complex between the 
NS5 protein and the first antibody, if present, that recognizes and binds the NS5 protein, (b) 
detecting the first antibody of said complex, wherein the NS5 protein is not detectably cross- 
reactive to an antibody against a flavivirus other than DENV. Further, a DENV NS5 protein 
isolated from a specific strain of DENV will be specific for antibodies to that DENV strain 
and not cross-reactive to antibodies against the remaining strains of DENV. 

The invention further relates to a method for rapidly detecting an anti-DENV antibody 
comprising the steps of: (a) contacting a biological sample (e.g., bodily fluid, blood, serum, 
plasma, saliva, tears, feces, semen, mucous, tissue, tissue homogenate, cellular extract, or 
spinal fluid, inter alia) with a microsphere suspension, each microsphere coupled to a 
substantially pure DENV NS5 protein having a native conformation or non-denatured 
structure whereby each DENV NS5 protein is specifically reactive to antibodies against 
DENV but not detectably cross-reactive with antibodies against a flavivirus other than 
DENV, (b) incubating the microsphere suspension under conditions sufficient to increase 
reaction kinetics to promote the binding of an anti-DENV antibody to the NS5 proteins, (c) 
contacting the microsphere suspension with a detection reagent capable of detecting an anti- 
DENV antibody, (d) detecting the detection reagent, wherein detection of the detection 
reagent indicates the presence an anti-DENV in the biological sample. 

The instant invention also contemplates a method for the detection of a DENV 
infection in a biological specimen comprising the steps of: (a) obtaining a suspension of 
microspheres each coupled to a substantially pure DENV NS5 protein having a native 
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conformation or non-denatured structure wherein the DENV NS5 protein is specifically 
reactive with anti-DENV antibodies but not detectably cross-reactive with antibodies against 
a flavi virus; (b) performing a microsphere immunoassay; (c) obtaining a result indicating 
either the presence or absence of an anti-DENV antibody, wherein the presence of an anti- 
DENV antibody indicates a DENV infection. Further, a DENV NS5 protein isolated from a 
specific strain of DENV will be specific for antibodies to that DENV strain and not cross- 
reactive to antibodies against the remaining strains of DENV. It will be appreciated that four 
DENV strains are known, namely, DENV-1, DENV-2, DENV-3, and DENV-4. 

Throughout this specification and claims, the word "comprise," or variations such as 
"comprises" or "comprising," will be understood to imply the inclusion of a stated integer or 
group of integers but not the exclusion of any other integer or group of integers. 

These and other embodiments are disclosed or are obvious from and encompassed by, 
the following Detailed Description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The following Detailed Description, given by way of example, but not intended to 
limit the invention to specific embodiments described, may be understood in conjunction with 
the accompanying Figures, incorporated herein by reference. 

FIG. 1 is the amino acid sequence of the WNV-288-301 fragment (peptide 1). 

FIG. 2 is the amino acid sequence of the random 288-301 fragment (peptide 2). 

FIG. 3 is the amino acid sequence of the WNV- 12 1-1 39 peptide (peptide 3). 

FIG. 4 is a diagrammatic representation of the 71 kDa Tr-env fusion protein. Tr, 
thioredoxin domain; EK, enterokinase cleavage site; WNV, 55 kDa full length sequence of 
WNV envelope glycoprotein; V5, V5 epitopes; His, 3 kDa six histidine-tag sequence; 1, 
location of WNE-288-301 fragment; 3, location of WNE-12M39 fragment. 

FIG. 5 is a Coomassie-blue stained SDS-PAGE gel showing purified, recombinant 
TR-env fusion protein. 
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FIG. 6 depicts the utility of mice as an experimental model organism for WNV 
infection and further demonstrates that the purified Tr-env protein is able to elicit a protective 
antibody response. C3H mice were immunized with Tr-env protein (upper line), or Tr control 
protein (lower line) and challenged with WNV. Five mice were in each group. 

FIG. 7 shows the results of an ELISA demonstrating the specificity of antibodies 
generated following inoculation of mice with purified Tr-env protein. Ova, ovalbumin; Ova- 
random, ovalbumin-conjugated random-288-301 peptide (SEQ ID NO: 5); Ova-281, 
ovalbumin-conjugated WNE-288-301 peptide (SEQ ID NO: 4). 100, 1000, and 6000 
represent serum dilutions of 1:100, 1:1000 and 1:6000. 

FIG. 8 shows the results of the WNV E microsphere immunoassay testing serum 
dilutions ranging from 1:25 to 1:6400. The graph shows linear responses for selected (P) 
positive sera. The graph show that 1:100 dilution of serum provides near maximal MFL 
Since 1:25 dilution of serum were shown to be inhibitory in other experiments, 1:100 was 
chosen as the best screening dilution for subsequent experiments. 

FIG. 9 shows the results of a stability analysis of the WNV E glycoprotein coated 
microspheres over time at the temperatures of 25°C, 37°C and 50°C. The plot shows the 
Maximum Fluorescence Intensity (MFI) versus time at each given temperature. Antigen was 
shown to be stable on beads when stored at 4°C for over four months. Curves in the plots of 
FIG. 9 are likely due to voltage fluctuation affecting the energy output of the lasers. 

FIG. 10A demonstrates the greater sensitivity of the WNV E glycoprotein microsphere 
immunoassay (WNV E MI) over ELISA testing in detecting antibodies against WNV in two 
of three sera from WNV patients. The figure further shows that WNV E MI detected no 
WNV antibodies in 7 sera, which was consistent with the negative PRN test results for the 
same 7 sera. Similarly, WNV E MI identified WNV antibodies in the three WNV sera that 
had positive PRN test results (PRN titers of 160 and 320). 

FIG. 10B demonstrates the ability of the WNV E glycoprotein microsphere 
immunoassay (WNV E MI) to detect antibodies against SLEV in sera of four of six SLEV 
patients. The P/N value of the WNV E MI results were substantially higher than ELISA P/N 
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values for sera from 2 patients. Two sera from SLEV patients were missed by the 
microsphere assay, which were collected on day 0 and day 2 after onset. 

FIG. IOC demonstrates the greater sensitivity of the WNV E glycoprotein microsphere 
immunoassay (WNV E MI) over ELISA testing in detecting antibodies against DENV in three 
sera from Dengue patients. The results show that the WNV E MI identified correctly the three 
sera from Dengue fever patients with much higher P/N values (range 15.00 to 55.23) than the 
traditional ELISA tests with an IgG P/N range of 4.95 and IgM P/N range from 2.98 to 8.67. 

FIG. 1 1 A and 1 IB show scatter plots comparing the P/N values between the WNV E 
glycoprotein microsphere immunoassay using the polyvalent (IgG/IgM/IgA) detection reagent 
and either the WN IgG ELISA (A) or the WN IgM ELISA (B) with trendline according to 
Example 12. 

FIG. 12, as outlined in Example 11, shows two plots comparing the P/N values 
measured by either standard ELISA methods (A) or the WNV E microsphere immunoassay 
(B). Serum was obtained sequentially over time at 3 days prior to infection with WNV and 
then 2, 18, 72 and 260 days post-infection. The serum in 1 IB was untreated or treated with 
antibodies to remove either the IgM or the IgG antibody subpopulations. These 
immunodepleted serum samples were tested using the microsphere immunoassay. The 
microsphere immunoassay shows that, unlike the IgM and IgG ELIS As, there is a greater IgM 
P/N than a IgG P/N for early serum samples, which may indicate that the patient had an active 
or recent infection. 

FIG. 13, according to Example 13, shows the P/N value as determined by carrying out 
the WNV E glycoprotein microsphere immunoassay on sera from twelve persons having 
received a flavivirus vaccine (and four sera from non-vaccinated persons). The sera was 
either immunodepleted of IgM antibodies (B) or the sera was not depleted of IgM antibodies 
(A). The assay demonstrated that the microsphere immunoassay could detect antibodies to 
JEV, as well as WNV, SLEV, and DENV. 

FIG. 14, according to Example 9, shows the results of testing different sera from 
patients with different viral infections, bacterial infections or autoimmune diseases by the 
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WNV E glycoprotein microsphere immunoassay (A). The results demonstrate that the 
immunoassay performs well given that only sera from patients with syphilis had a high 
frequency of falsely positive test results with the microsphere immunoassay. Graphical 
representation of the data is shown in (B). 

FIG. 15 shows the results of WNV-E microsphere immunoassay in comparison to 
results of the MAC ELISA test on spinal fluids of patients with diagnosed encephalitis due to 
flavivirus infection. Confirmation of diagnosis was by plaque reduction neutralization tests 
including WNV, DENV, and SLEV. 

FIG. 16 shows the results of testing seven pairs of serum along with same-day 
collected spinal fluid specimens from seven patients using the recombinant WNV-E 
microsphere immunoassay along with both the polyvalent antibody reagent and the "IgM" 
serum (anti-IgG treated serum). The seven patients were chosen on the basis of having been 
tested positive for WNV by either an IgM and/or an IgG ELISA using the reagents and 
protocol recommended by the CDC. The data are presented in the table shows both the MFI 
and the P/N values. The results show that the WNV-E assay has a greater sensitivity than the 
standard ELISA since 5 patients who were shown to test negative for a WNV infection by 
MAC ELISA were shown to be strongly positive by the WNV-E assay. 

FIG. 17 shows a schematic of a lateral-flow or strip test for use in rapid detection of a 
flavivirus infection or rapid specific detection of a WNV infection according to the instant 
invention. See Detailed Description for further details. 

FIG. 18 shows the median fluorescence intensity (MFI) data for mouse sera tested by 
the microsphere immunoassay (MIA) using WNV E glycoprotein (column 1), WNV NS3 
antigen (column 2), and WNV NS5 antigen (column 3) as detected with goat antimouse 
polyvalent conjugate. The data demonstrates that WNV NS5 (column 3) is equivalent to 
superior to WNV E glycoprotein (column 1) as an antigen to detect WNV infection in mice. 

FIG. 19 shows MFI data for human sera tested by MIA using WNV E glycoprotein, 
WNV NS3 antigen, and WNV NS5 antigen. While the negative range for normal non- 
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infected subjects was higher, the overall MFI for infected patients was 2.5 to 3 fold higher 
than the MFI signal to the WNV E glycoprotein. 

FIG. 20 demonstrates that WNV NS5 can be used to discriminate between infection by 
DENV and WNV. The data shows that all the sera from the DENV patients examined were 
highly reactive (positive) to the WNV E glycoprotein in the MIA, but conversely each were 
negative to the WNV NS5 antigen. All the convalescent dengue sera were positive and 1 1 of 
17 acute sera were positive by MIA. Data were fully concordant with Dengue ELISA and 
Hemagglutination inhibition results. It is likely that the polymerase structures of the DENV 
and the WNV are significantly different. DENV polymerase did not induce antibodies that 
recognized the WNV NS5 antigen. 

FIG. 21 demonstrates that NS5 can be used to discriminate between vaccination and 
active infection. Sera from employees who received JEV vaccine ( a series of three shots), 
who developed neutralizing antibodies, each developed an increase in antibody to the 
envelope protein. However, the sera of the JEV recipients were all non-reactive to the NS5 
antigen. This result is intuitive since the polymerase (NS5 protein) would not be expressed by 
the killed virus of the JEV killed-virus vaccine. The data also demonstrates that NS5 is more 
specific as a reagent in immunoassay than the WNV E glycoprotein since one of ten sera from 
HIV-infected patients was positive to NS5 and each remaining sera sample including the 
negative control were negative to NS5. 

FIG. 22 demonstrates that antibodies to NS5 disappear before antibodies to WNV E 
glycoprotein. Since the level of anti-NS5 drops prior to the levels of anti-E antibody, NS5 
likely is a useful marker to indicate recent WNV infections. 

FIG. 23 (A) shows WNV genome structure. Three recombinant proteins, E, NS3, and 
NS5 used, are shaded. (B and C) Purified NTPase/helicase domain of NS3 and full-length 
NS5 were analyzed on SDS-PAGE stained with Coomassie Blue. (D) ATPase activity of the 
recombinant NTPase/helicase domain of WNV NS3. In the presence of recombinant NS3, [a- 
32 P]ATP was hydrolyzed to [a- 32 P]ADP and phosphate (lane 2). No ATP is hydrolyzed in the 
absence of NS3 (lane 1). (E) RdRp ("RNA-Dependent RNA Polymerase") activity of the 
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recombinant NS5. The RdRp activity of NS5 was assayed using a WNV subgenomic RNA 
transcript (890-nt in length) containing a large deletion from nucleotide 269 to 10408. The 
reactions (RXT) were labeled with [a- 32 P]UTP, and the products of double-stranded RNA (a 
replicative 2X form) and single-stranded RNA (IX form) were analyzed on a denaturing 
polyacrylamide gel followed by autoradiography (lane 1). A 32 P-labeled template RNA was 
loaded as a size control (lane 2). 

FIG. 24 shows the results of microsphere immunoassays (MIA) using recombinant 
proteins of WNV NS5 (A), NS3 (B), and E (C). Median fluorescence intensity (MFI) of each 
WNV patient serum is plotted against days post-symptom onset. Dashed lines indicate assay 
cut-off levels. X in (B) indicates samples not tested. (D) A time course of reactivity to NS5 
and E protein for sera collected from a patient infected with WNV. MFI from NS5- and E- 
based assays are indicated by solid and dashed lines, respectively. The cut-off values of the 
assays are correspondingly indicated. 

FIG. 25 shows the specificity of a NS5-based MIA as demonstrated by challenging 
120 sera from patients with various infections, autoimmune conditions, JEV vaccination, YFV 
vaccination, or good health. 

FIG. 26 shows the cross-reactivity of WNV NS5 and E protein with dengue patient 
sera. The data indicates that only 8.8% of the total dengue patient sera samples showed a 
cross-reaction with the WNV NS5 antigen as compared to 71% with WNV E glycoprotein. 

FIG. 27 shows the cross-reactivity of WNV NS5 and E protein with St. Louis 
encephalitis patient sera. The data indicates that only 5% of the total St. Louis encephalitis 
patient sera samples showed a cross-reaction with the WNV NS5 antigen as compared to 28% 
with WNV E glycoprotein. 

FIG. 28 shows a comparison of MIA values measured for wild bird sera samples using 
the NS5 antigen as compared to the E glycoprotein. 

FIG. 29 shows a comparison of MIA values in sera from humans who received the 
live-attenuated virus vaccine Yellow Fever vaccine. The data show that 10 out of 19 sera 
were cross-reactive (above the MIA cutoff value) to the WNV E glycoprotein whereas only 1 
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out of 19 sera were cross-reactive (above the MIA cutoff value) to the WNV NS5 protein. 
The data indicate that the recipients of Yellow Fever vaccine are negative in assays using 
WNV NS5 protein. Accordingly, the data demonstrate that the WNV NS5 is useful for 
discriminating between sera of humans vaccinated with Yellow Fever vaccine and sera of 
humans infected with WNV. 

FIG. 30 (A) shows a comparison of MIA values measured for various horse sera 
samples tested against WNV E glycoprotein, WNV NS5 antigen, and WNV NS3 antigen. (B) 
shows a of a multiplex assay comparing the MIA values of various horse sera tested with 
WNV E glycoprotein, WNV NS5, or WNV NS3 protein. 

FIG. 31 shows rWNV-E MIA analysis of serially diluted serum specimens. Sera from 
patients with West Nile infection (closed symbols), and negative control human sera (open 
symbols) were serially diluted and evaluated in the rWNV-E MIA using polyvalent detector 
antibody. Results are reported as median fluorescent intensity per 100 microspheres (MFI). 

FIG. 32 shows rWNV-E MIA and ELISA analysis of anti-WN virus antibodies in 
sequential serum specimens from a patient infected with WN virus. A. Unadsorbed sera were 
evaluated in the rWNV-E MIA using polyvalent detector antibody (polyvalent). Sera adsorbed 
with anti-IgG (IgG adsorbed) or anti-IgM (IgM adsorbed) were evaluated in the rWNV-E MIA 
using polyvalent detector antibody. The IgM adsorbed sera were also analyzed in the rWNV- 
E MIA with anti-IgM detector antibody (M conjugate). B. The results with the MAC -ELISA 
and indirect IgG ELISA are compared on sequential sera. 

FIG. 33 shows a retrospective parallel WNV-E MIA and WN virus IgG ELISA 
analysis of sera from patients with suspected viral encephalitis. Dashed lines indicate P/N 
cut-off values for a positive result, n = 702; r = 0.60; slope = 1.68. 

FIG. 34 shows the results of an E protein based microsphere immunoassay (MIA). 
The assay tested a coded serum panel revealing that the rWNV-E MIA detects human 
antibodies elicited by SLEV and DENV. Fig. 34 is a tabular form of the data shown in Fig 10 
A, B, and C. 
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FIG. 35 shows the results of an E protein based microsphere immunoassay (MIA) on 
sera from patients with various viral infections, bacterial infections, or autoimmune diseases 
were tested in the rWNV-E MIA. This shows the same data as Figure 14 A. 

FIG. 36 compares the results of an E protein based microsphere immunoassay (MIA) 
on human cerebral spinal fluid samples from patients infected with WNV, DENV, or an 
unknown flavivirus. Serum samples shown here include those shown in Figure 15. The data 
in Figure 15 is a subset of the data shown in Figure 36. 

FIG. 37 shows the nucleotide sequence of GenBank accession No. AF206518 
comprising the genome sequence of WNV isolate 2741 (SEQ ID NO.l). 

FIG. 38 shows the nucleotide sequence of GenBank accession No. AF404756 
comprising the genome sequence of WNV isolate 3356 (SEQ ID NO.2). 

FIG. 39 shows the nucleotide sequence of GenBank accession No. U88535 comprising 
the genome sequence of DENV-1 isolate "WestPac" (SEQ ID NO.3). 

FIG. 40 shows the nucleotide sequence of GenBank accession No. AF038403 
comprising the genome sequence of DENV-2 isolate "New Guinea" (SEQ ID NO.4) 

FIG. 41 shows the nucleotide sequence for nucleotide positions 982-1494 (SEQ ID 
NO.5) of GenBank accession No. AF206518 (WNV isolate 2741) corresponding to the amino 
acid sequence of WNV E glycoprotein. 

FIG. 42 shows the amino acid sequence of WNV E glycoprotein (SEQ ID NO.6) 
corresponding to nucleotide sequence positions 982-1494 of GenBank accession No. 
AF206518 (WNV isolate 2741). 

FIG. 43 shows the nucleotide sequence for nucleotide positions 7681-10395 (SEQ ID 
NO.7) of GenBank accession No. AF404756 (WNV isolate 3356) corresponding to the amino 
acid sequence of WNV NS5. 

FIG. 44 shows the amino acid sequence of WNV NS5 (SEQ ID NO.8) corresponding 
to nucleotide sequence positions 7681-10395 of GenBank accession no. AF404756 (WNV 
isolate 3356). 
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FIG. 45 shows the nucleotide sequence of nucleotide positions 7574-10270 (SEQ ID 
NO.9) of GenBank accession No. U88535 (DENV-1 isolate "WestPac") corresponding to the 
amino acid sequence of DENV-1 NS5. 

FIG. 46 shows the amino acid sequence of DENV-1 NS5 (SEQ ID NO. 10) 
corresponding to nucleotide sequence positions 7574-10270 of GenBank accession No. 
U88535 (DENV isolate "WestPac"). 

FIG. 47 shows the nucleotide sequence for nucleotide positions 7570-10269 (SEQ ED 
NO. 11) of GenBank accession No. AF038403 (DENV-2 isolate "New Guinea") 
corresponding to the amino acid sequence of DENV-2 NS5. 

FIG. 48 shows the amino acid sequence of DENV-2 NS5 (SEQ ID NO. 12) 
corresponding to nucleotide sequence positions 7570-10269 of GenBank accession No. 
AF038403 (DENV isolate "New Guinea"). 
DETAILED DESCRIPTION OF THE INVENTION 

The subject invention relates to compositions and methods for diagnosing an infection 
by a flavivirus, especially WNV, JEV, SLEV, or DENV, in a subject suspected of carrying 
said infection that are more rapid, efficient, cost effective and sensitive than the methods and 
compositions currently available in the art. More in particular, this invention relates to the use 
of an isolated and/or substantially purified polypeptide of WNV, in particular, WNV E 
glycoprotein, which includes recombinant, synthetic and fusion proteins comprising the 
polypeptides, subfragments or derivatives thereof, or a nucleic acid molecule encoding a WN 
polypeptide or subfragment thereof, whereby the WNV polypeptide is of authentic 
conformation and is reactive to antibodies against WNV and strongly, reliably, predictably 
and consistently cross-reactive with antibodies against a flavivirus, advantageously, JEV, 
SLEV, and/or DENV. 

Moreover, the present invention relates to a novel use for the WNV E glycoprotein as 
an antigen for the detection of antibodies against a flavivirus. The inventors have discovered 
that a substantially purified WNV E glycoprotein antigen having an authentic conformation is 
strongly, reliably, predictably and consistently cross-reactive among WNV, JEV, SLEV, and 
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DENV, and is therefore useful to broadly assay or test for flavivirus infection, non- 
specifically, e.g., in subjects, blood donors, organ donars, blood, organs, etc. Accordingly, by 
the present invention, one can determine whether there is a recent or past flavivirus infection, 
for instance, infection by any of WNV, JEV, SLEV, or DENV, by a single assay therein 
providing a faster, simpler, more cost effective approach to broadly assaying for an infection 
by a flavivirus when the exact identity of the flavivirus is not required. 

Another aspect of the present invention includes compositions and methods for 
consistently and reliably diagnosing an infection specifically by WNV that are more rapid, 
efficient, cost effective and sensitive than the methods and compositions currently available in 
the art. More in particular, this aspect of the invention relates to the use of an isolated and/or 
substantially purified nonstructural polypeptide of WNV, in particular, NS5, which includes 
recombinant, synthetic and fusion proteins comprising the polypeptides, subfragments or 
derivatives thereof, or a nucleic acid molecule encoding a nonstructural polypeptide, in 
particular, NS5, or subfragment thereof, whereby the WNV nonstructural polypeptide is of 
authentic conformation and is reactive to WNV antibodies with specificity without having 
substantial cross-reactivity to antibodies against other Flaviviruses, such as JEV, SLEV, 
and/or DENV. 

Moreover, the present aspect of the invention relates to a novel use for the WNV NS5 
nonstructural protein as an antigen for the specific detection of antibodies against WNV 
without substantial cross-reactivity to antibodies against other Flaviviruses, such as JEV, 
SLEV, and/or DENV. It has been discovered that the WNV NS5 nonstructural protein is 
strongly, reliably, predictably and consistently reactive to WNV antibodies with high 
specificity without cross-reactivity with antibodies against other Flaviviruses, such as JEV, 
SLEV, and DENV, and is therefore useful to assay or test for WNV infection with specificity, 
e.g., in subjects, blood donors, organ donars, blood, organs, etc. In addition, the present 
aspect of the invention relates to compostions and methods for differentiating between 
vaccination with inactivated flavivirus and natural WNV infection. It has been recognized by 
the inventors that only replicative viruses produce NS proteins. Thus, inactivated flavivirus 
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vaccines do not produce NS proteins since they do not replicate. Accordingly, the WNV NS5 
protein can be used according to the instant invention to discriminate between vaccination 
with inactived flavivirus and a natural WNV infection. Moreover, the present aspect of the 
invention relates to compositions and methods for indicating the timing of WNV infection and 
can be used to discriminate between recent and remote WNV infections. 

Yet another aspect of the present invention includes compositions and methods for 
consistent and reliable diagnosis of an infection by DENV that are more rapid, efficient, cost 
effective and sensitive than the methods and compositions currently available in the art. More 
in particular, this aspect of the invention relates to the use of an isolated and/or substantially 
purified nonstructural polypeptide of DENV, in particular, NS5, which includes recombinant, 
synthetic and fusion proteins comprising the polypeptides, subfragments or derivatives 
thereof, or a nucleic acid molecule encoding a nonstructural polypeptide, in particular, NS5, or 
subfragment thereof, whereby the DENV nonstructural polypeptide is of authentic 
conformation and is reactive to DENV antibodies with specificity without having substantial 
cross-reactivity to antibodies against other flaviviruses, such as JEV, SLEV, and/or DENV. 
Further, the DENV NS5 protein of the present invention when isolated from a specific strain 
of DENV will be specific for antibodies to that same DENV strain and will not be cross- 
reactive to antibodies against the remaining strains of DENV. It will be appreciated to one of 
ordinary skill in the art that DENV is comprised of four serologically distinct type, including 
DENV-1, DENV-2, DENV-3, and DENV-4. Thus, a NS5 of DENV-1 will be specific to 
antibodies against DENV-1, and not detetectably cross-reactive with antibodies to DENV-2, - 
3, or -4. 

Moreover, the present aspect of the invention relates to a novel use for the DENV NS5 
nonstructural protein as an antigen for the specific detection of antibodies against DENV 
without substantial cross-reactivity to antibodies against other flaviviruses, such as JEV, 
SLEV, and/or DENV. It has been discovered that the DENV NS5 nonstructural protein is 
strongly, reliably, predictably and consistently reactive to DENV antibodies with high 
specificity without cross-reactivity with antibodies against other flaviviruses, such as JEV, 
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SLEV, and WNV, and is therefore useful to assay or test for DENV infection with specificity, 
e.g., in subjects, blood donors, organ donars, blood, organs, etc. In addition, the present 
aspect of the invention relates to compostions and methods for differentiating between 
vaccination with inactivated flavivirus and natural WNV infection. One of skill in the art will 
appreciate that only replicating viruses produce NS proteins. Thus, inactivated (or "heat- 
killed") flavivirus vaccines do not produce NS proteins since they do not replicate. 
Accordingly, the DENV NS5 protein can be used according to the instant invention to 
discriminate between vaccination with inactived flavivirus and a natural WNV infection. 
Moreover, the present aspect of the invention relates to compositions and methods for 
indicating the timing of DENV infection and can be used to discriminate between recent and 
remote DENV infections since the antibody response to NS proteins is not sustained. 
Similarly, one of ordinary skill in the art would appreciate that the methods and compositions 
of the present invention, in particular, the nonstructural flavivirus antigens, including but not 
limited to WNV NS5 or DENV NS5, could be used to discriminate a vaccination with a 
recombinant or subunit flavivirus vaccine, such as a recombinant or subunit WNV, DENV, 
SLEV, or JEV vaccine, from a recent or ongoing infection with a flavivirus, including but not 
limited to WNV, DENV, SLEV, and JEV. 

In another embodiment, the methods and compositions of the present invention, 
especially flavivirus nonstructural proteins such as NS5, can be used to distinguish recent or 
ongoing infections of a flavivirus, such as WNV, DENV, SLEV, or JEV, in a susceptible 
animal, such as a human, horse, cat, dog, or bird, inter alia, from vaccination by an in vivo 
flavivirus vaccine, which provides flavivirus structural proteins to an animal to be vaccinated 
by direct expression to the protein within the animal. It will be appreciated that an in vivo 
vaccine comprises a DNA molecule coding for one or more structural immunogenic viral 
polypeptides or portions thereof that are directly administered to a host, such as a human, 
horse, cat, dog, or bird, inter alia, that is to be vaccinated. 

One of ordinary skill in the art would certainly appreciate the numerous benefits of the 
instant invention, which in one aspect provides a novel method for the broad detection of a 
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flavivirus infection, such as an infection with WNV, JEV, SLEV, and/or DENV, in light of a 
hypothetical scenario wherein knowledge of the identity of the flavivirus would not be 
immediately required, but a rapid identification of a putative flaviviral infection would be 
critical. Such a scenario could involve a patient arriving at a hospital in a geographical region 
having recently experienced cases of flavivirus infections in patients, such as an infection with 
WNV, JEV, SLEV, or DENV, wherein the patient arrives with typical flavivirus-like 
symptoms, such as headache, sudden fever, malaise, and swollen glands. The treating 
physician would want to know immediately whether or not the symptoms are due to a 
flavivirus infection, but immediate identification of the flavivirus species or strain is not 
initially critical. The instant invention provides a rapid diagnostic assay to broadly detect a 
flavivirus infection, such as an infection with WNV, JEV, SLEV, or DENV, which in one 
embodiment, can be completed in under 3 hours. Thus, providing a rapid result in the 
diagnosis of a flavivirus infection is clearly an advantage of the instant invention. Another 
aspect of the instant invention relates to a novel method for the detection of antibodies to a 
flavivirus using enhanced reaction kinetics and a microsphere immunoassay that together 
drastically reduce the time it takes for diagnosis of a WNV infection or a general flavivirus 
infection from 3 days and up to 3 weeks, to less than 3 hours. 

Also within the scope of the instant invention are diagnostic kits and methods for 
detecting antibodies against a flavivirus, especially WNV, JEV, SLEV, and/or DENV, 
characterized by the compositions of the present invention comprising a substantially pure 
WNV polypeptide, fragments, or derivatives thereof, such as WNV E glycoprotein, that are 
reactive with antibodies against WNV and strongly, reliably, predictably and consistently 
cross-reactive with antibodies against a flavivirus wherein the WNV polypeptide has an 
authentic conformation. These diagnostic kits and methods for detecting antibodies against a 
flavivirus are also useful for detecting a protective immune response to a flavivirus infection, 
especially by WNV, JEV, SLEV, and/or DENV. 

Further, the methods of the instant invention are also useful in monitoring the course 
of immunization against a flavivirus, especially, WNV, JEV, SLEV, and/or DENV. In 



43 



00155269.DOC 



454311-2232.1 
PATENT 



patients previously inoculated with the vaccines against a flavivirus, the detection means and 
methods disclosed herein are also useful for determining if booster inoculations are 
appropriate. 

It will be appreciated by those having ordinary skill in the art based on the teachings 
and examples set forth herein that the methods of the present invention represent a more 
reliable, consistent, effective and time efficient approach to detecting in biological samples, 
including those from humans and animals such as wild or domestic birds, and mammals such 
as horses, cats or dogs, antibodies to WNV, DENV and other flaviviruses. It will be 
understood that the various proteins isolated from the various flaviviruses of the invention, 
especially WNV and DENV, can be used as antigens in the methods of the instant invention to 
detect in a specific or nonspecific manner, flaviviruses, especially WNV and DENV. 

It will be appreciated that the WNV E glycoprotein can be used as an antigen to in the 
method of the instant invention to detect antibodies against certain species of flaviviruses 
relevant to human disease, such as, WNV, JEV, SLEV, DENV, using a single assay to take 
the place of a multitude of assays currently used in the art for the detection of these 
flaviviruses. Thus, by the present invention, one can determine whether there is a flavivirus 
infection, for instance, infection by any of WNV, JEV, SLEV, or DENV, by a single assay. It 
has been discovered here that a substantially purified WNV E glycoprotein antigen having a 
substantially authentic conformation is reliably, consistently, predictably, and strongly cross- 
reactive to antibodies against any of WNV, JEV, SLEV, and DENV, and is therefore useful to 
broadly assay or test for flavivirus infection, non-specifically, e.g., in subjects, donors, blood, 
organs, etc. In contrast, antigens currently available in the art for the detection of DENV, 
SLEV, JEV, and WNV infections are often concentrated by polyethylene glycol and/or 
extracted with acetone, treatments which are likely to alter the structural domains of a given 
antigen. 

It will further be appreciated that a WNV nonstructural protein, especially NS5, or a 
specific antigenic determinant or specific epitope thereof, can be used as an antigen for the 
specific detection of antibodies against WNV in the method of the instant invention. 
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Importantly, the NS5 antigen is not cross-reactive to other flaviviruses, such as, for example, 
JEV, SLEV, or DENV. Thus, in accordance with the present aspect of the invention, one can 
consistently, reliably, and accurately determine whether there is a WNV infection with the 
confidence and assurance that the detection signal is not due to cross-reactivity with other 
flaviviruses. 

It will also be appreciated that the substantially purified DENV NS5 antigen of the 
present invention is reliably, consistently, predictably, and strongly reactive to antibodies 
against a DENV without having substantial cross-reactivity with other flaviviruses, such as, 
for example, JEV, SLEV, and WNV. Therefore, DENV NS5 antigen will be useful to 
specifically assay or test for DENV infection, e.g., in subjects, donors, blood, organs, etc. In 
contrast, current serologic diagnoses of DENV infection is based on detection of antibodies 
against viral structural proteins, such as the E protein. Although, the cross-reactivity of the E 
protein among flaviviruses, as also discovered by the instant inventors, is certainly 
advantageous with respect to its use as a rapid diagnostic for detecting a general flavivirus 
infection when knowing the identity of the flavivirus is not critical, it would also be desirable 
to have a rapid test that could confidently, accurately, and correctly identify a DENV infection 
with specificity and without cross-reactivity with other types of flaviviruses. Further, the 
DENV NS5 protein of the present invention when isolated from a specific strain of DENV 
will be specific for antibodies to that same DENV strain and will not be cross-reactive to 
antibodies against the remaining strains of DENV. 

As one of ordinary skill in the art will understand, prior to the present invention, a 
number of serologic assays were routinely used for laboratory diagnosis of flavivirus 
infections, including infections of WNV, DENV, JEV, and SLEV: IgM antibody capture 
enzyme immunoassay (MAC-ELISA), indirect IgG ELISA, indirect fluorescent antibody assay 
(IF AT), hemagglutination inhibition (HIT), and serum dilution cross-species plaque reduction 
neutralization tests (PRNTs). As described below, these assays vary markedly in sensitivity, 
technical difficulty, turn-around time, and clinical utility of the results. 

IgM antibody capture ELISA 
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IgM response to WNV infection occurs earlier than that of IgG, and is often used to 
indicate recent infections of WNV (G. Tardei et al.). MAC-ELISA is typically performed to 
detect the IgM level in serum samples, as described by Beaty and coworkers (Martin et al.) 
with modifications (Martin et al.). Briefly, goat anti-human IgM (Perlmmune Inc., Rockville, 
MD) is used as a capture antibody, and is coated onto 96-well flat-bottom plates. After 
blocking of the plates with nonfat dry milk, diluted human sera are reacted with the anti- 
human IgM. Viral antigens, either sucrose-acetone extracts of infected suckling mouse brains 
[32, 33] or recombinant viral structural proteins (B. Davis et al.), are added to the plates. 
Flavivirus group-reactive SLE monoclonal antibody 6B6C-1 (conjugated to horseradish 
peroxidase) (Roehrig et al.) is then reacted with the immobilized viral antigen. After addition 
of substrate 3,3'5,5' tetra methyl benzidine (TMB-ELISA; Neogen, Lexington, KY), reactions 
are measured using a microplate reader at an absorbance of 450 nm. A ratio of 2.0 or greater 
of the absorbance of the test serum over the absorbance of the negative control serum is 
usually considered positive. Serial dilutions of positive sera can be evaluated. The maximum 
dilution that exhibits positive signal is the titer for the serum. The titer of the MAC-ELISA 
can be compared with the titers of HI and PRN tests. It should be noted that, in the CDC 
MAC-ELISA, all serum samples are tested on control antigen in addition to viral antigen, to 
reduce the number of false-positive results due to non-specific binding of the serum or other 
factors. Any "positive" test result (ratio >2.0) is deemed un-interpretable if the mean 
absorbance of the test specimen reacted on viral antigen is <2X the mean absorbance of the 
test specimen reacted on the control antigen. These samples require testing with an alternate 
method, generally PRNT. 

MAC-ELISA has replaced complement fixation and HIT in most public health 
laboratories, because of its superior sensitivity in diagnosing early acute infections of 
flaviviruses. The MAC-ELISA was reported to be more sensitive than PCR-based assay for 
spinal fluid and blood specimens from patients with symptomatic infection (D Nash et al.). 
The MAC-ELISA is a more appropriate assay to use for symptomatic patients, because the 
virus is cleared so efficiently by the immune system in healthy individuals, that it is not 
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usually possible to detect viral nucleic acid once clinical symptoms are observed. Since the 
1999 outbreak of WNV in New York, the Centers for Disease Control and Prevention (CDC) 
have extensively trained public health laboratories to perform this complex 2-day assay. 
MAC-ELISA is currently the most widely used diagnostic test for acute WNV encephalitis in 
the United States. 

Initially, the ELISA antigen was a sucrose-acetone extract of WN V-infected suckling 
mouse brain (Martin et al.). The antigen was later replaced by unpurified E and prM proteins 
secreted from a plasmid-transformed COS cell line (B Davis et al.). The cell line-derived 
antigens are concentrated by precipitation with polyethylene glycol followed by lyophilization. 
Several companies have purchased licenses to commercialize the noninfectious recombinant 
antigens (NRA), including Abbott Laboratories (Abbott Park, IL), Focus Technologies 
(Cypress, CA), GenBio (San Diego, CA), Hennesy Research Associates (Shawnee, KS), 
Immucor (Atlanta, GA), InBIOS (Seattle, WA), RMZ Biotech Corporation (Baltimore, MD), 
and Rapid Medical Diagnostic Corporation (Miami, FL). These products are sold as analyte- 
specific reagents (ASR) and, as such, must be validated by the user. The FDA recently 
approved the enzyme immunoassay kit for diagnostic testing from PanBio (Baltimore, MD). 

The IgM response to WNV infection is rapid; most sera and spinal fluids are positive 
in the MAC-ELISA within 8 days of symptom onset (Roehrig et al.). IgM detected by MAC- 
ELISA in spinal fluids is directly indicative of recent infection (BJ. Beaty et al.). This is 
because the detected IgM is synthesized by lymphocytes in the central nervous system, and 
serum IgM, a pentameric molecule, is too large to pass through an intact blood-brain barrier. 
However, because anti-WNV IgM in serum persists in many patients for 3 to 6 months after 
symptom onset, and can persist beyond 15 months (D.A. Martin et al. 2000), caution should 
be used when interpreting IgM-positive results from early-season WNV IgM-positive patients. 
Solitary serum IgM positive results must be considered in conjunction with other WNV 
surveillance data, e.g., evidence of WNV in mosquitoes or in reservoir bird populations. 
Follow-up testing of paired specimens is recommended. For the same reason, because the 
duration of the anti-WNV IgM in chickens or rabbits has been not well defined, IgM testing 
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should not be performed as the sole testing modality when these animals are used as sentinels 
for monitoring WNV activities. In one study, the IgM persistence was reported to vary in 
chickens from 19 days to greater than 61 days post WNV infection (A.J. Johnson et al.). If the 
bleeding schedule is less frequent than once every 3 weeks, a recent infection of the sentinel 
animals may be missed through sole reliance on MAC-ELISA (A.J. Johnson et al.). 

Several limitations were previously reported for the MAC-ELISA. First, although 
human IgM response to WNV and other flaviviruses is more virus-type specific than is the 
IgG response, cross-reactivities with other JE serogroup viruses, DEN and YF, do occur in the 
IgM tests (D. A. Martin et al. 2002, T.P. Monath et al., M. Lhullier et al.). Additional 
information about the patient, such as travel history to regions where WNV or other 
flaviviruses are active, should be helpful in interpreting the diagnostic results. Second, the 
sensitivity of the MAC-ELISA may be decreased when patient serum contains IgM molecules 
in response to infections other than WNV. These non-WNV-IgM molecules can 
nonspecifically compete against WNV-IgM molecules for binding to the anti-human IgM 
antibodies coated on the ELISA plate, resulting in reduced sensitivity of the assay. Third, 
false-positive results of MAC-ELISA may occur due to nonspecific binding of rheumatoid 
factors, which often exist in sera from healthy individuals (P.P. Mortimer et al.). Rheumatoid 
factors are well known to confound serological diagnosis through their cross-linking of the 
capture antibody to the detector antibody in the absence of any WNV antigen (P.P. Mortimer 
et al.). 

Indirect IgG ELISA 

Indirect IgG ELISA is a 2-day assay that is often performed in tandem with MAC- 
ELISA. The protocol for diagnosis of anti-WNV IgG was described by Johnson and 
coworkers, 2000). A flavivirus E protein cross-reactive monoclonal antibody (Mab) 4G2 
(ATCC, Manassas, VA) (A.J. Johnson et al., 2000) is coated onto 96-well microtiter plates. 
After blocking of the plates with 3% goat serum in PBS and multiple washes, WNV antigens 
are reacted with the Mab 4G2. After several washes, diluted human sera are reacted with the 
immobilized viral antigens. Goat anti-human IgG Fc -alkaline phosphatase conjugate is then 
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reacted with serum-derived IgG. Upon addition of p-nitrophenyl phosphate (Sigma Aldrich, 
St. Louis, MO) to the wells, colorimetric absorbance at 405 nm is measured, and a ratio of 2.0 
or greater for the test serum over the negative control serum is considered positive (A.J. 
Johnson et al., 2003). 

The same antigens as used for the MAC-ELIS A are used for the IgG ELIS A. Because 
of the cross reactivities of the structural proteins during various flavivirus infections, the 
identity of the infecting virus can not be determined with certainty. Other assays such as HI 
and PRNT are routinely performed to verify the identity of the virus. Because the level of IgG 
remains elevated for many years after an infection, a 4-fold increase in IgG antibody titer 
between paired sera are considered essential for estimation of a recent, acute infection (D. 
Gubler et al., 2000). Using inactivated WNV as antigen, Ebel and co-workers recently 
reported that the IgG ELISA could also be used to detect anti-WNV antibodies in birds . 

Indirect fluorescent antibody tests 

IF AT is used to detect anti-WNV IgG, IgM, or total antibodies (IgG+IgA+IgM) from 
suspected WNV-infected sera. The assay can be completed within 2-3 hr. IF AT slides and test 
kits are commercially available from PanBio (Baltimore, MD). WNV-infected Vero cells are 
grown until the appearance of cytopathic effects, mixed with uninfected tissue culture cells, 
and spotted onto a microscope slide. The slides are then acetone-fixed and stored frozen. 
Patient sera, starting at a 1:8 dilution, are reacted with the antigens on the slide. After 
incubations with anti-human immunoglobulins conjugated with fluorescein isothiocyanate 
(FITC) and washings, the cells are examined under a fluorescent microscope. Positive IgG 
antibody is indicated by specific apple-green fluorescence in the cytoplasm cells. Since only 
30% to 50% of the cells on the slides are infected with WNV, observation of 100% cells of 
positive fluorescence indicates a non-specific reaction, rather than a serum infected with 
WNV. Autoantibodies in patient serum can react with cellular antigens, resulting in non- 
specific fluorescence. This possibility can be excluded by using undiluted serum to react with 
uninfected tissue culture cells. If positive, the patient serum is likely to have autoantibodies to 
cellular antigens. The sensitivity of the IF AT is low, with an estimated detection limit of 0.05- 
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l\ig of virus-specific neutralizing antibody (J. Pillot, 1996). The detection limit of the IF AT is 
about a 1,000-fold lower than that of ELISA. However, IF AT measurement of IgG is slightly 
more specific than ELISA (P. Koraka et al., 2002). 

For detection of virus-specific IgM or IgG, serum specimens are pretreated 
with rabbit anti-human IgG or IgM, respectively. Complete depletion of IgG in serum is 
essential for an accurate detection of IgM, because residual IgG can compete with IgM to bind 
to the antigens on the slide, resulting in inaccurate results. To increase the sensitivity of the 
IgM assay, overnight incubation of IgG depleted serum with antigen slides is recommended. 
After binding of the IgM to antigen, anti-human IgM conjugated with FITC is applied to bind 
to the antigen-bound IgM. Even through the IgM-IFAT is less sensitive than MAC-ELISA, it 
has been applied to rapid diagnosis of acute serum samples. Because the procedure of IgM- 
IFAT requires manual pipetting and reviewing of individual wells of the IF AT slides under a 
fluorescent microscope, this assay does not have the capability to diagnose a large volume of 
patient specimens. Further, since the concentration of IgM in spinal fluid is nearly a 1 ,000- 
fold lower than that in serum, neither can the assay be reliably used to detect IgM in spinal 
fluid (W.R. Chen et al., 1992). However, the specificity of the IgM IFAT against DEN, JE, 
YF, and WNV was reported to exceed that of the standard EIA (P. Koraka et al.), with a cross- 
reactivity that ranged from 4% to 10%, compared to 30% to 44% for the standard EIA. False 
IgM-IFAT positives can be caused by rheumatoid factor; false IgM-IFAT negatives can be 
caused by competition from residual IgG molecules remaining after the IgG depletion. 
Hemagglutination inhibition tests 

The HI test is performed essentially as described nearly 60 years ago by Casals and 
Brown (J. Casals, et al., 1954). Serum is first treated by acetone extraction, followed by 
adsorption with goose erythrocytes to remove nonspecific inhibitors associated with false- 
positive results, and to remove hemagglutinins associated with false-negative results. Treated 
sera are serially diluted and mixed with a known amount of suckling mouse brain WNV 
antigen for an overnight incubation at 4°C. Goose erythrocytes, preferably from an adult 
gander, are added to the serum/virus mixture in microtiter plates. The HI titer is read after a 1- 
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hr incubation at room temperature. A thin mat of cells across the well indicates agglutination. 
A pellet of cells at the bottom of the well indicates inhibition of agglutination. The highest 
dilution of serum that completely inhibits agglutination of the goose erythrocytes is taken as 
the HI titer of the serum. HI tests provide higher titers than do standard neutralization tests, 
but lower titers and lower numbers of positive samples than do micro PRN tests (H.M. 
Weingartl et al.). HI tests measure both IgM and IgG antibody classes, and are considerably 
less sensitive than ELISAs. Although HI antibodies appear rapidly, they disappear more 
quickly than do neutralizing antibodies, which are detected by the IgG ELISAs (B.J. Beaty et 
al., 1995). Reagents for HI tests are somewhat less stable to long-term storage than are the 
reagents used in other methods. Agglutination occurs over a narrow pH range. In addition, 
patient sera must be tested by a panel of viruses known to occur and to cause disease in 
humans in a given geographic region. 

Plaque reduction neutralization tests (PRNT) 

PRNT is a 3- to 5-day assay (H.S. Lindsey, 1976). Sera are first heat-inactivated at 
56°C for 30 min. A set of serially diluted sera are added to known amounts of virus. After 
incubation for 1 hr, the mixture is added to Vero cells, followed by another 1-hr incubation. 
Nutrient agar is applied, and the plates are incubated for 2-3 days in a CO2 incubator. A 
second overlay with a neutral red stain is applied. Plates are checked for plaque formation 
over the next 1-2 days. The titer is the reciprocal of the serum dilution causing a plaque 
reduction of 90%. PRNT detects antibodies at an earlier time post-infection, with higher mean 
serum antibody titers, than did HI and ELIS A tests, in experimental infections of chickens. 
PRNT also detects the highest number of positive serum samples at various times post- 
infection (H.M. Weingartl, et al., 2003). 

It will be appreciated that the instant invention provides methods for assaying 
biological samples for the presence of antibodies against flaviviruses that are distinguished 
from and advantageous over the previous methods. Several examples of this invention's 
advantages over prior art methods for detecting anti-flavivirus antibodies include, inter alia, 
reduced time requirements, greater consistency in results, and enhanced ease of use. More in 
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particular, the traditional serologic assays such as HI or particle agglutination are performed 
with either antigens or antibodies passively adsorbed onto the surfaces of tanned erythrocytes 
or latex microspheres. The recent technology of lateral flow immunoassays utilizes antibodies 
or antigens bound to microspheres and lateral flow immunochromatography to capture zones 
on nitrocellulose membranes. Recently, antigens have been covalently attached to fluorescent 
polystyrene microspheres for immunoassays performed in microfilter plates, and the assays 
are quantified through a flow cytometer such as the Luminex 100 (Luminex, Austin, TX). 

One embodiment of the instant invention relates to the use of microsphere 
immunoassays. Although the antigens of the invention, including WNV E glycoprotein and 
the NS5 protein, can be used essentially in any assay format known to one of ordinary skill in 
the art, such as the above-mentioned methods, including ELISA formats, certain embodiments 
of the instant invention are advantageous over others. More in particular, the antigens of the 
invention, including WNV E glycoprotein and the NS5 protein can be used in connecting with 
microsphere immunoassays (MIAs). MIAs are more quantitative than prior serological testing 
methods, including, for example, ELISAs. The microsphere assays have broad dynamic 
ranges, often exceeding what can be obtained with ELISAs. Reaction times are short, since 
kinetics are enhanced by shaking of the microspheres in fluid suspension during the 
incubations. Small specimen volumes can be used in the microsphere assays, and replicate 
testing is not required because of the high precision of the analyses. Therefore, large 
specimen volumes of precious specimens, such as spinal fluid, are not required. MIA results 
can be obtained with small amounts of biological sample, such as, for example, 30 (il of spinal 
fluid, compared to the 450 jal required for the MAC-ELISA (Wong et al, submitted). In 
addition, microbeads have more surface area and thus more epitopes available for antigen or 
antibody binding than do macrobeads, microtiter plates, or nitrocellulose papers, resulting in 
an increased sensitivity. The preferred reporter fluorochrome, red-phycoerythrin, has an 
extremely high extinction coefficient, which also enhances the analytical sensitivity. Finally, 
microsphere immunoassays allow a more cost-effective use of antigen: 1 jag of antigen usually 
suffices for approximately 50 tests. 
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In accordance with one embodiment of the present invention, an E-based microsphere 
immunoassay is provided which consistently, accurately, strongly, and reliably detects a 
WNV-infection at around day 2-6 post-symptom onset. Retrospective testing as carried out by 
the present inventors on over 800 sera from patients with suspected viral encephalitis by the 
polyvalent (anti-IgG+IgA+IgM) microsphere immunoassay exhibited 95% concordance with 
results obtained with the IgG ELISA . The E-based microsphere immunoassay of the present 
invention could also be used to detect anti-E IgM antibodies, and to indicate current or recent 
WNV infection. In addition, the inventors have discovered that a substantially purified WNV 
E glycoprotein antigen having a substantially authentic conformation is reliably, consistently, 
predictably, and strongly cross-reactive to antibodies against any of WNV, JEV, SLEV, and 
DENV, and is therefore useful to broadly assay or test for flavivirus infection, non- 
specifically, e.g., in subjects, donors, blood, organs, etc. In contrast, antigens currently 
available in the art for the detection of DENV, SLEV, JEV, and WNV infections are often 
concentrated by polyethylene glycol and/or extracted with acetone, treatments which are likely 
to alter the structural domains of a given antigen. 

In another embodiment of the present invention, a NS5-based microsphere 
immunoassay is provided. The NS5-based microsphere immunoassay reliably detects WNV- 
infection (IgG+IgA+IgM total antibodies) at around day 6 post-symptom onset. The overall 
reactive pattern derived from the NS5-based assay was shown by the inventors to correlate 
well with that from the E-based assay. However, the NS5-based assay has two major 
diagnostic differences over the E-based assay. First, the NS5-based assay can be used to 
differentiate between WNV infection and vaccinations with either an inactivated JEV or a live 
attenuated YFV vaccine. In support, sera was collected from the JEV vaccine recipients and 
reacted with the WNV NS5 antigen. The result was that only 5% of the sera collected from 
the YFV-vaccine recipients reacted with the WNV NS5 antigen. By contrast, 100% of the 
JEV-vaccinated sera and 53% of the YFV-vaccinated sera reacted with the E antigen. Second, 
the NS5-based assay substantially improves discrimination between DENV/SLEV and WNV 
infections. The inventors show herein through experimentation that only 9% of the DENV 
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sera were marginally positive in the WNV NS5-based assay, whereas 71% of the same sera 
were reactive in the WNV E-based assay (see Examples and Fig. 26). Further, only 5% of the 
SLEV sera were positive in the WNV NS5-based assay, whereas 27.5% of the same panel of 
sera were positive in the WNV E-based assay (see Examples and Fig. 27). The results of the 
NS5-based immunoassay clearly suggest that NS5 could be used as an antigen for virus type- 
specific diagnosis of flavivirus infections. 

In accordance with one embodiment of the invention, the NS5-based microsphere 
immunoassay can be used to distinguish between WNV infection and vaccination by 
inactivated JE. Without being bound by theory, this distinction is possible since only 
replicative viruses produce NS proteins, while inactivated JE vaccines cannot replicate and 
thus cannot produce NS proteins. Another reason is that no or very few NS proteins, 
including NS5, exist in the inactivated JEV vaccines since the vaccines are prepared through 
an extensive purification procedure. 

In another embodiment of the invention, the antigen-based immunoassays of the 
present application can be useful for determining whether animals, such as horses, previously 
vaccinated with inactivated WNV have sustained a new exposure to WNV infections. The 
first documented case of equine WNV infection was in Minnesota in 2003 in a horse that had 
received a vaccine in 2002, but had not had a booster. Since protective immunity wanes 
quickly, and there is a chance for reinfection, veterinarians are increasingly challenged to 
diagnose neurological illness possibly oweing to WNV infection in previously WNV- 
vaccinated horses. Such diagnosis will be problematic for structural protein-based assays, 
such as assays based on WNV E glycoprotein, due to the presence of preexisting antibodies to 
the immunodominant E protein as a result of the vaccination. However, WNV infection in 
previously vaccinated horses could be assessed using the NS5-based immunoassay of the 
present invention. The NS5-based assay will detect only current or recent WNV infections. It 
will not show a positive result for an animal that was solely vaccinated with a WNV or 
flavivirus vaccine since there needs to be viral replication in order to produce NS5 in 
sufficient quantity to provide an immune response and the production of anti-NS5 antibodies. 
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As used herein, the term "polypeptide" is taken to encompass all the polypeptides, 
peptides, and fusion proteins described in this invention and refers to any polymer consisting 
essentially of amino acids regardless of its size which maintains a comparable level of cross- 
reactivity to the cross-reactivity of the unmodified polypeptide from which it is derived. 
Although "protein" is often used in reference to relatively large polypeptides, and "peptide" is 
often used in reference to small polypeptides, usage of these terms in the art overlaps and 
varies. The term "polypeptide" as used herein thus refers interchangeably to peptides, 
polypeptides, or fusion proteins unless otherwise noted. The term "amino acid" refers to a 
monomeric unit of a peptide, polypeptide or protein. 

Further, the term "polypeptide" is meant to encompass any "derivative" thereof. A 
derivative refers to a modified or altered form of the native or original polypeptide. As used 
in the present application, a derivative will have a comparable level of cross-reactivity to the 
cross-reactivity of the unmodified polypeptide from which it is derived. Such modifications 
include, but are not limited to: amino acid substitutions, modifications, additions or deletions; 
alterations in the pattern of lipidation, glycosylation or phosphorylation; reactions of free 
amino, carboxyl, or hydroxyl side groups of the amino acid residues present in the polypeptide 
with other organic and non-organic molecules; and other modifications, any of which may 
result in changes in primary, secondary or tertiary structure. 

A "substantially pure" polypeptide is a polypeptide that is free from other WNV 
components with which it is normally associated. Further, a substantially pure polypeptide is 
one which is free of other undesired protein contamination, such as bovine serum albumin, 
which can be carried over from culture medium during antigen preparation. 

As used herein, an "authentic conformation" of a polypeptide (e.g. antigen) refers to 
the native conformation of the polypeptide (e.g. antigen). The native conformation of the 
polypeptide refers specifically to the three-dimensional form of the molecule as it exists in 
vivo. Many processes currently used in the art to prepare various polypeptides (e.g. antigens) 
involve harsh preparatory treatments, such as acetone extraction and/or polyethylene glycol 
precipitation, both of which are known to deform and/or denature polypeptides (e.g. antigens). 
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A fully or partially denatured polypeptide (e.g. antigen) is not as cross-reactive as the same 
polypeptide (e.g. antigen) having an authentic conformation since the epitopes of the 
polypeptide (e.g. antigen) involved in cross-reacting interactions become damaged such that 
they are no longer or less efficiently recognized by antibodies. 

As it is used herein, the terms "NS5", "NS5 protein", or "NS5 antigen" are meant to be 
synonymous with one another. Further "NS5", "NS5 protein", or "NS5 antigen" are meant to 
encompass any immunogenic fragment thereof or any specific portion encompassing any 
unique epitope that is immunogenically distinct from NS5 proteins from other flaviviruses. 
The instant invention contemplates the use of nonstructural proteins or fragment thereof 
obtained from any flavivirus, including but not limited to WNV, SLEV, JEV, and DENV, 
especially WNV and DENV. It was the inventors' discovery that the nonstructural protein 
NS5 antigen from a first flavivirus, such as WNV or DENV, can be used to specifically detect 
antibodies against said first flavivirus from a biological sample (e.g. biological fluid, tears, 
semen, blood, plasma, feces, spinal fluid, saliva, or mucous) wherein the NS5 antigen from 
the first flavivirus is not detectably cross-reactive with antibodies to other flaviviruses. 
Moreover, in the case of DENV, the NS5 antigens from a first strain, such as DENV-1, is not 
cross-reactive with antibodies to the remaining DENV strains. Thus, the DENV NS5 antigens 
are useful for discriminating DENV strains. 

According to various embodiments of the instant invention, the WNV E glycoprotein 
utilized by the instant invention is prepared by a process that results in a substantially purified 
WNV E glycoprotein having an authentic conformation. In a further preferred embodiment, 
the purification method of the instant invention utilizes column chromatography in a manner 
that does not harshly treat or denature the desired polypeptide to be purified. Specifically, 
column chromatography as used by the instant invention does not require polyethylene glycol 
precipitation or acetone extraction. 

As used herein, a "protective epitope" is (1) an epitope that is recognized by a 
protective antibody, and/or (2) an epitope that, when used to immunize a human or animal, 
elicits an immune response sufficient to confer WNV immunity or to prevent or reduce the 
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severity for some period of time, of the resulting symptoms. A protective epitope may 
comprise a T cell epitope, a B cell epitope, or combinations thereof. 

As used herein, "enhanced reaction kinetics" refers to an antibody-antigen binding 
reaction that occurs at a rate that exceeds the expected reaction rate when carried out under 
conditions used in prior art methods. "Conditions" that are suitable for enhanced reaction 
kinetics according to the present invention are a discovery of the inventor. Such conditions 
may comprise parameters related to incubation time, temperature, buffers, and pH levels. The 
conditions further may comprise physical parameters, such as, shaking or moving the 
components of any given reaction sample. In one embodiment, enhanced reaction kinetics are 
achieved by incubating together a biological sample and a WNV antigen, such as, WNV E 
glycoprotein, and at 37°C for about 30 minutes while keeping the reaction mixture in motion, 
such as on platform shaker at low speed. 

Various compositions and methods of the aforementioned embodiments are 
characterized by immunogenic polypeptides. As used herein, an "immunogenic polypeptide" 
is a polypeptide that, when administered to a human or animal, is capable of eliciting a 
corresponding antibody. 

This invention also provides two novel immunogenic fragments of the WNV E 
glycoprotein and compositions and methods comprising these peptides. More specifically, 
this invention provides the WNE-121-139 (peptide 3) peptide and WNE-288-301 peptide 
(peptide 1). It will be appreciated by those of ordinary skill in the art that similar 
immunogenic fragments of the flavivirus antigens contemplated by the present invention, 
especially immunogenic fragments of NS5 and E glycoprotein antigens from the flaviviruses 
of the invention, especially WNV and DENV, can be obtained and used in accordance with 
the methods of the invention. 

Also within the scope of this invention are polypeptides that are at least 75% identical 
in amino acid sequence to the aforementioned polypeptides. Specifically, the invention 
includes polypeptides that are at least 80%, 85%, 90% or 95% identical in amino acid 
sequence to an amino acid sequence set forth herein. The term "percent identity" in the 
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context of amino acid sequence refers to the residues in the two sequences which are the same 
when aligned for maximum correspondence. There are a number of different algorithms 
known in the art which can be used to measure sequence similarity or identity. For instance, 
polypeptide sequences can be compared using NCBI BLASTp. Alternatively, FASTA, a 
program in GCG version 6.1. FASTA provides alignments and percent sequence identity of 
the regions of the best overlap between the query and search sequences (Peterson, 1990). 

Alternatively, nucleotide sequence similarity or homology or identity can be 
determined using the "Align" program of Myers and Miller, ("Optimal Alignments in Linear 
Space", CABIOS 4, 11-17, 1988) and available at NCBI. The terms "similarity" or "identity" 
or "homology", for instance, with respect to a nucleotide sequence, is intended to indicate a , 
quantitative measure of homology between two sequences. The percent sequence similarity 
can be calculated as (N re f - Nj,y)*100/N re /, wherein N^f is the total number of non-identical 
residues in the two sequences when aligned and wherein N ref is the number of residues in one 
of the sequences. Hence, the DNA sequence AGTCAGTC will have a sequence similarity of 
75% with the sequence AATCAATC (N re / = 8; N di j=2). Alternatively or additionally, 
"similarity" with respect to sequences refers to the number of positions with identical 
nucleotides divided by the number of nucleotides in the shorter of the two sequences wherein 
alignment of the two sequences can be determined in accordance with the Wilbur and Lipman 
algorithm (Wilbur and Lipman, 1983 PNAS USA 80:726), for instance, using a window size 
of 20 nucleotides, a word length of 4 nucleotides, and a gap penalty of 4, and computer- 
assisted analysis and interpretation of the sequence data including alignment can be 
conveniently performed using commercially available programs (e.g., Intelligenetics ™ Suite, 
Intelligenetics Inc. CA).. When RNA sequences are said to be similar, or have a degree of 
sequence identity with DNA sequences, thymidine (T) in the DNA sequence is considered 
equal to uracil (U) in the RNA sequence. 

Various compositions and methods of the aforementioned embodiments are 
characterized by WNV polypeptides, such as, for example, WNV E glycoprotein, that elicit in 
treated humans or animals the formation of an immune response. As used herein, an "immune 
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response" is manifested by the production of antibodies that recognize the corresponding 
polypeptide. In an especially preferred embodiment, the compositions and methods of the 
invention are characterized by WNV polypeptides or antibodies that confer protection against 
WNV infection or disease. 

In yet another embodiment, this invention relates to diagnostic means and methods 
characterized by a WNV polypeptide, such as, for example, WNV E glycoprotein. The 
inventor has discovered that a substantially pure WNV E glycoprotein having an authentic 
conformation as described in this application is not only reactive with antibodies against 
WNV, but is also strongly, reliably, predictably and consistently cross-reactive against other 
flaviviruses, especially, JEV, SLEV, and DENV. 

As used herein, an antigen, such as, WNV E glycoprotein of WNV, is "reactive" with 
an antibody raised against the antigen when there is a specific binding event/reaction between 
the antigen and the antibody. 

As used herein, a first antigen, such as, WNV E glycoprotein of WNV, is "cross- 
reactive" with an antibody raised against a second antigen of a second virus, such as, DENV, 
when there is a specific binding event/reaction between the first antigen and the antibody 
raised against the second antigen. One of ordinary skill in the art will understand that similar 
or related viruses may comprise similar proteins, e.g., proteins with similar amino acid 
sequences and three-dimensional structural features that may provide similar recognition 
epitopes such that an antibody raised against a first antigen may recognize and bind to the 
second antigen. 

The WNV polypeptides or derivatives thereof described herein are immunologically 
reactive with antisera produced in response to an infection with WNV. Accordingly, they are 
useful in methods and compositions to detect both immunity to WNV or prior infection with 
WNV. 

As will be apparent from the disclosure to follow, the polypeptides in the 
pharmaceutical compositions of this invention may also be prepared with the objective of 
increasing stability or rendering the molecules more amenable to purification and preparation. 
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One such technique is to express the polypeptides as fusion proteins comprising other WNV 
sequences. 

In accordance with this invention, a derivative of a polypeptide of the invention may 
be prepared by a variety of methods, including by in vitro manipulation of the DNA encoding 
the native polypeptides and subsequent expression of the modified DNA, by chemical 
synthesis of derivatized DNA sequences, or by chemical or biological manipulation of 
expressed amino acid sequences. 

For example, derivatives may be produced by substitution of one or more amino acids 
with a different natural amino acid, an amino acid derivative or non-native amino acid. Those 
of skill in the art will understand that conservative substitution is preferred, e.g., 3-methyl- 
histidine may be substituted for histidine, 4-hydroxy-proline may be substituted for proline, 
5-hydroxylysine may be substituted for lysine, and the like. 

Furthermore, one of skill in the art will recognize that individual substitutions, 
deletions or additions which alter, add or delete a single amino acid or a small percentage of 
amino acids (typically less than 5%, more typically less than 1%) in an encoded sequence are 
"conservatively modified variations" where the alterations result in the substitution of an 
amino acid with a chemically similar amino acid. Conservative substitution tables providing 
functionally similar amino acids are well known in the art. The following six groups each 
contain amino acids that are conservative substitutions for one another: 

1) Alanine (A), Serine (S), Threonine (T); 

2) Aspartic acid (D), Glutamic acid (E); 

3) Asparagine (N), Glutamine (Q); 

4) Arginine (R), Lysine (K); 

5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and 

6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 
See also, Creighton (1984) Proteins W.H. Freeman and Co. 

Conservative substitutions typically include the substitution of one amino acid for 
another with similar characteristics such as substitutions within the following groups: valine, 
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glycine; glycine, alanine; valine, isoleucine; aspartic acid, glutamic acid; asparagine, 
glutamine; serine, threonine; lysine, arginine; and phenylalanine, tyrosine. The non-polar 
(hydrophobic) amino acids include alanine, leucine, isoleucine, valine, proline, phenylalanine, 
tryptophan and methionine. The polar neutral amino acids include glycine, serine, threonine, 
cysteine, tyrosine, asparagine and glutamine. The positively charged (basic) amino acids 
include arginine, lysine and histidine. The negatively charged (acidic) amino acids include 
aspartic acid and glutamic acid. 

Other conservative substitutions are described by Dayhoff in the Atlas of Protein 
Sequence and Structure (1988). 

Causing amino acid substitutions which are less conservative may also result in 
desired derivatives, e.g., by causing changes in charge, conformation or other biological 
properties. Such substitutions would include for example, substitution of a hydrophilic 
residue for a hydrophobic residue, substitution of a cysteine or proline for another residue, 
substitution of a residue having a small side chain for a residue having a bulky side chain or 
substitution of a residue having a net positive charge for a residue having a net negative 
charge. 

In another embodiment of this invention, the WNV polypeptides described herein are 
prepared as part of a larger fusion protein. For example, a WNV polypeptide used in a 
composition of this invention may be fused at its N-terminus or C-terminus to a different 
immunogenic WNV polypeptide, to a non-WNV polypeptide or to combinations thereof, to 
produce fusion proteins comprising the WNV polypeptide. 

In a further embodiment of this invention, fusion proteins comprising a WNV 
polypeptide used in a composition are constructed comprising B cell and/or T cell epitopes 
from multiple strains of WNV, each variant differing from another with respect to the 
locations or sequences of the epitopes within the polypeptide. Such fusion proteins are in 
particular effective in the induction of immunity against a wide spectrum of WNV strains and 
can be utilized to modulate the specificity of detection of antibodies against flaviviruses. 
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In an embodiment of this invention, the WNV polypeptides used in pharmaceutical 
compositions are fused to moieties, such as immunoglobulin domains, which may increase the 
stability and prolong the in vivo plasma half-life of the polypeptide. Such fusions may be 
prepared without undue experimentation according to methods well known to those of skill in 
the art, for example, in accordance with the teachings of United States patent 4,946,778, or 
United States patent 5,1 16,964. The exact site of the fusion is not critical as long as the 
polypeptide retains the desired biological activity. Such determinations may be made 
according to the teachings herein or by other methods known to those of skill in the art. 

The fusion proteins comprising the WNV polypeptides, according to previous 
embodiments, may be produced at the DNA level, e.g., by constructing a nucleic acid 
molecule encoding the fusion protein, transforming host cells with the molecule, inducing the 
cells to express the fusion protein, and recovering the fusion protein from the cell culture. 
Alternatively, the fusion proteins may be produced after gene expression according to known 
methods. 

The polypeptides of the invention may also be part of larger multimeric molecules 
which may be produced recombinantly or may be synthesized chemically. Such multimers 
may also include the polypeptides fused or coupled to moieties other than amino acids, 
including lipids and carbohydrates. 

It will be readily appreciated by one of ordinary skill in the art that the polypeptides in 
the pharmaceutical compositions of this invention, as well as fusion proteins and multimeric 
proteins containing them, may be prepared by recombinant means, chemical means, or 
combinations thereof. 

For example, the polypeptides may be generated by recombinant means using the 
DNA sequence as set forth in the sequence listing contained herein. DNA encoding variants 
of the polypeptides in other WNV strains may likewise be cloned, e.g., using PCR and 
oligonucleotide primers derived from the sequence herein disclosed. 

For example, it may be particularly desirable to isolate the genes encoding WNV 
polypeptides from any isolates that may differ antigenically in order to obtain a broad 
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spectrum of different epitopes which would be useful in the methods and compositions of this 
invention. 

Oligonucleotide primers and other nucleic acid probes derived from the genes 
encoding the polypeptides in the compositions of this invention may also be used to isolate 
and clone related proteins from other WNV isolates which may contain regions of DNA 
sequence homologous to the DNA sequences of the polypeptides described in this invention. 

In another embodiment, the polypeptides used in the compositions of this invention are 
produced recombinantly and may be expressed in unicellular hosts. As is well known to one 
of skill in the art, in order to obtain high expression levels of foreign DNA sequences in a 
host, the sequences are generally operably linked to transcriptional and translational 
expression control sequences that are functional in the chosen host. Preferably, the expression 
control sequences, and the gene of interest, will be contained in an expression vector that 
further comprises a selection marker. 

The DNA sequences encoding the polypeptides used in the compositions of this 
invention may or may not encode a signal sequence. If the expression host is eukaryotic, it 
generally is preferred that a signal sequence be encoded so that the mature glycoprotein is 
secreted from the eukaryotic host. 

An amino terminal methionine may or may not be present on the expressed 
polypeptides in the compositions of this invention. If the terminal methionine is not cleaved 
by the expression host, it may, if desired, be chemically removed by standard techniques. 

A wide variety of expression host/vector combinations may be employed in expressing 
the DNA sequences encoding the WNV polypeptides used in the pharmaceutical compositions 
and vaccines of this invention. Useful expression vectors for eukaryotic hosts, include, for 
example, vectors comprising expression control sequences from SV40, bovine papilloma 
virus, adenovirus, adeno-associated virus, cytomegalovirus and retroviruses including 
lentiviruses. Useful expression vectors for bacterial hosts include bacterial plasmids, such as 
those from E. coli, including pBluescript , pGEX-2T, pUC vectors, col El, pCRl, pBR322, 
pMB9 and their derivatives, pET-15, wider host range plasmids, such as RP4, phage DNAs, 
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e.g., the numerous derivatives of phage lambda, e.g. AXjTIO and XGT1 1, and other phages. 
Useful expression vectors for yeast cells include the 2|i plasmid and derivatives thereof. 
Useful vectors for insect cells include pVL 941. 

In addition, any of a wide variety of expression control sequences-sequences that 
control the expression of a DNA sequence when operably linked to it- may be used in these 
vectors to express the polypeptides used in the compositions of this invention. Such useful 
expression control sequences include the expression control sequences associated with 
structural genes of the foregoing expression vectors. Examples of useful expression control 
sequences include, for example, the early and late promoters of SV40 or adenovirus, the lac 
system, the trg system, the TAC or TRC system, the T3 and T7 promoters, the major operator 
and promoter regions of phage lambda, the control regions of fd coat protein, the promoter for 
3-phosphoglycerate kinase or other glycolytic enzymes, the promoters of acid phosphatase, 
e.g., Pho5, the promoters of the yeast-mating system and other constitutive and inducible 
promoter sequences known to control the expression of genes of prokaryotic or eukaryotic 
cells or their viruses, and various combinations thereof. 

In another embodiment, a DNA sequence encoding a WNV polypeptide used in a 

® 

pharmaceutical composition of this invention is cloned in the expression vector lambda ZAP 
II (Stratagene, La Jolla, CA), in which expression from the lac promoter may be induced by 
IPTG. 

In yet another embodiment, a DNA sequence encoding a WNV polypeptide, preferably 
the WNV E glycoprotein, that is used in a composition of this invention is cloned in the 

TM 

pBAD/Thiofusion expression vector, in which expression of the resulting thioredoxin fusion 
protein from the araBAD promoter may be induced by arabinose. 

In another preferred embodiment, DNA encoding the WNV polypeptides used in a 
composition of this invention is inserted in frame into an expression vector that allows high 
level expression of the polypeptide as a glutathione S-transferase fusion protein. Such a 
fusion protein thus contains amino acids encoded by the vector sequences as well as amino 
acids of the WNV polypeptide. 
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The term "host cell" refers to one or more cells into which a recombinant DNA 
molecule is introduced. Host cells of the invention include, but need not be limited to, 
bacterial, yeast, animal, insect and plant cells. Host cells can be unicellular, or can be grown 
in tissue culture as liquid cultures, monolayers or the like. Host cells may also be derived 
directly or indirectly from tissues. 

In an embodiment of the instant invention, an insect cell line, such as a mosquito cell 
line, is used in conjuction with an appropriate expression vector to express and produce the 
WNV E glycoprotein antigen. One of ordinary skill in the art will appreciate that a eukaryotic 
host line, such as yeast, plant, insect and mammalian cells can be necessary to achieve 
glycosylation of the WNV polypeptide. Further, since a mosquito is the natural host of WNV, 
it will be recognized that an insect host for the expression and production of a WNV antigen 
may be optimal. Although prokaryotic cells provide certain advantages with respect to ease of 
genetic manipulation, cell growth, and product yield, there is no capacity for glycosylation (at 
least in naturally-occurring prokaryotic cells). Glycosylation of eukaryotic or viral proteins 
raised in eukaryotic cells, such as the WNV E glycoprotein, can affect protein folding, sorting, 
stability, protease resistance, secretion and immunogenicity. Therefore, one of ordinary skill 
in the art will recognize that glycosylation of the viral antigen of the instant invention can be 
necessary to achieve an authentic three-dimensional structure, thereby promoting optimal 
cross-reactivity of the antigen. A discussion of use of various types of host cell lines and 
corresponding expression vectors for the expression of antigens may be found in J. Schmitt 
and W. Papisch, Autoimmunity Reviews, 1: 79-88 (2002). 

A wide variety of unicellular host cells are useful in expressing the DNA sequences 
encoding the polypeptides used in the pharmaceutical compositions of this invention. These 
hosts may include well known eukaryotic and prokaryotic hosts, such as strains of E. coli, 
Pseudomonas, Bacillus, Streptomyces, fungi, yeast, insect cells such as Spodoptera frugiperda 
(SF9), animal cells such as CHO and mouse cells, African green monkey cells such as COS 1, 
COS 7, BSC 1, BSC 40, and BMT 10, and human cells, as well as plant cells. 
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A host cell is "transformed" by a nucleic acid when the nucleic acid is translocated into 
the cell from the extracellular environment. Any method of transferring a nucleic acid into the 
cell may be used; the term, unless otherwise indicated herein, does not imply any particular 
method of delivering a nucleic acid into a cell, nor that any particular cell type is the subject of 
transfer. 

An "expression control sequence" is a nucleic acid sequence which regulates gene 
expression (i.e., transcription, RNA formation and/or translation). Expression control 
sequences may vary depending, for example, on the chosen host cell or organism (e.g., 
between prokaryotic and eukaryotic hosts), the type of transcription unit (e.g., which RNA 
polymerase must recognize the sequences), the cell type in which the gene is normally 
expressed (and, in turn, the biological factors normally present in that cell type). 

A "promoter" is one such expression control sequence, and, as used herein, refers to an 
array of nucleic acid sequences which control, regulate and/or direct transcription of 
downstream (3') nucleic acid sequences. As used herein, a promoter includes necessary 
nucleic acid sequences near the start site of transcription, such as, in the case of a polymerase 
II type promoter, a TATA element. 

A "constitutive" promoter is a promoter which is active under most environmental and 
developmental conditions. An "inducible" promoter is a promoter which is inactive under at 
least one environmental or developmental condition and which can be switched "on" by 
altering that condition. A "tissue specific" promoter is active in certain tissue types of an 
organism, but not in other tissue types from the same organism. Similarly, a developmentally- 
regulated promoter is active during some but not all developmental stages of a host organism. 

Expression control sequences also include distal enhancer or repressor elements which 
can be located as much as several thousand base pairs from the start site of transcription. 
They also include sequences required for RNA formation (e.g., capping, splicing, 3' end 
formation and poly-adenylation, where appropriate); translation (e.g., ribosome binding site); 
and post-translational modifications (e.g., glycosylation, phosphorylation, methylation, 
prenylation, and the like). 
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The term "operably linked" refers to functional linkage between a nucleic acid 
expression control sequence (such as a promoter, or array of transcription factor binding sites) 
and a second nucleic acid sequence, wherein the expression control sequence directs 
transcription of the nucleic acid corresponding to the second sequence. 

It should of course be understood that not all vectors and expression control sequences 
will function equally well to express the WNV polypeptides mentioned herein. Neither will 
all hosts function equally well with the same expression system. However, one of skill in the 
art may make a selection among these vectors, expression control sequences and hosts without 
undue experimentation and without departing from the scope of this invention. For example, 
in selecting a vector, the host must be considered because the vector must be replicated in it. 
The vector's copy number, the ability to control that copy number, the ability to control 
integration, if any, and the expression of any other proteins encoded by the vector, such as 
antibiotic or other selection markers, should also be considered. 

In selecting an expression control sequence, a variety of factors should also be 
considered. These include, for example, the relative strength of the promoter sequence, its 
controllability, and its compatibility with the DNA sequence of the peptides described in this 
invention, in particular with regard to potential secondary structures. Unicellular hosts should 
be selected by consideration of their compatibility with the chosen vector, the toxicity of the 
product coded for by the DNA sequences encoding the glycoproteins used in a pharmaceutical 
composition of this invention, their secretion characteristics, their ability to fold the 
polypeptide correctly, their fermentation or culture requirements, and the ease of purification 
from them of the products coded for by the DNA sequences. 

Within these parameters, one of skill in the art may select various vector/expression 
control sequence/host combinations that will express the DNA sequences encoding the 
products used in the pharmaceutical compositions of this invention on fermentation or in other 
large scale cultures. 

The polypeptides described in this invention may be isolated from the fermentation or 
cell culture and purified using any of a variety of conventional methods including: liquid 
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chromatography such as normal or reversed phase, using HPLC, FPLC and the like; affinity 
chromatography (such as with inorganic ligands or monoclonal antibodies); size exclusion 
chromatography; immobilized metal chelate chromatography; gel electrophoresis; and the 
like. One of ordinary skill in the art may select the most appropriate isolation and purification 
techniques without departing from the scope of this invention. If the polypeptide is membrane 
bound or suspected of being a lipoprotein, it may be isolated using methods known in the art 
for such proteins, e.g., using any of a variety of suitable detergents. 

In a preferred embodiment, the WNV E glycoprotein of the instant invention is 
expressed in an insect cell line, such as a mosquito cell line, using an appropriate vector 
capable of replicating and expressing cloned genes therefrom. The purification of the WNV E 
glycoprotein will not utilize harsh techniques that denature or deform the antigen such as 
polyethylene glycol precipitation or acetone extraction. Instead, the present embodiment 
relates to the use of column chromatography methods, such as size-exclusion or affinity 
chromatography, to produce a substantially purified antigen that has an authentic and native 
conformation and/or three-dimensional structure. 

In addition, the polypeptides of the invention may be generated by any of several 
chemical techniques. For example, they may be prepared using the solid-phase synthetic 
technique originally described by R. B. Merrifield, J Am Chem Soc y 83, pp.2149-54 (1963), or 
they may be prepared by synthesis in solution. A summary of peptide synthesis techniques 
may be found in E.Gross& H.J. Meinhofer, 4 The Peptides: Analysis, Synthesis, Biology; 
Modern Techniques Of Peptide And Amino Acid Analysis , John Wiley & Sons, (1981) and 
M. Bodanszky, Principles Of Peptide Synthesis , Springer- Verlag (1984). 

Typically, these synthetic methods comprise the sequential addition of one or more 
amino acid residues to a growing peptide chain. Often peptide coupling agents are used to 
facilitate this reaction. For a recitation of peptide coupling agents suitable for the uses 
described herein see M.Bodansky, supra. Normally, either the amino or carboxyl group of the 
first amino acid residue is protected by a suitable, selectively removable protecting group. A 
different protecting group is utilized for amino acids containing a reactive side group, e.g., 
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lysine. A variety of protecting groups known in the field of peptide synthesis and recognized 
by conventional abbreviations therein, may be found in T.Greene, Protective Groups In 
Organic Synthesis , Academic Press (1981). 

To screen the polypeptides or fragments thereof according to this invention for their 
ability to confer protection against WNV infection or their ability to reduce the severity or 
duration of the attendant symptoms, mice are preferred as an animal model. Of course, while 
any animal that is susceptible to WNV infection may be useful, mice are a well-known and 
particularly convenient model. Thus, by administering a particular WNV polypeptide or anti- 
WNV polypeptide antibody to mice, one of skill in the art may determine without undue 
experimentation whether that polypeptide or antibody would be useful in the methods and 
compositions claimed herein. 

The administration of the WNV polypeptide or antibody of this invention to the animal 
may be accomplished by any of the methods disclosed herein or by a variety of other standard 
procedures. For a detailed discussion of such techniques, see Antibodies, A Laboratory 
Manual , supra. Preferably, if a polypeptide is used, it will be administered with a 
pharmaceutically acceptable adjuvant, such as complete or incomplete Freund's adjuvant, 
RIBI (muramyl dipeptides) or ISCOM (immunostimulating complexes). Such adjuvants may 
protect the polypeptide from rapid dispersal by sequestering it in a local deposit, or they may 
contain substances that stimulate the host to secrete factors that are chemotactic for 
macrophages and other components of the immune system. Preferably, if a polypeptide is 
being administered, the immunization schedule will involve two or more administrations of 
the polypeptide, spread out over several weeks. 

According to yet another embodiment, the WNV polypeptides used in the 
compositions of this invention, preferably, are useful as diagnostic agents for detecting 
immunity to WNV, and recent, current, or prior infection by a flavivirus, especially WNV, 
JEV, SLEV or DENV. The polypeptides are capable of binding to antibody molecules 
produced in animals, including humans, that have been exposed to a flavivirus, especially 
WNV, JEV, SLEV or DENV, as a result of infection with said flavivirus or from vaccination. 
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The detection of WNV or flavivirus antigens is evidence of prior exposure to a flavivirus 
infection or vaccine. Such information is an important aid in the diagnosis of WNV infection. 

Such diagnostic agents may be included in a kit which may also comprise instructions 
for use and other appropriate reagents, preferably a means for detecting when the polypeptide 
or antibody is bound. For example, the polypeptide may be labeled with a detection means 
that allows for the detection of the polypeptide when it is bound to an antibody, or for the 
detection of the antibody when it is bound to WNV or an antigen thereof. 

The detection means may be a fluorescent labeling agent such as fluorescein 
isocyanate (FIC), fluorescein isothiocyanate (FITC), and the like, an enzyme, such as 
horseradish peroxidase (HRP), glucose oxidase or the like, a radioactive element such as I 
or 51 Cr that produces gamma ray emissions, or a radioactive element that emits positrons 
which produce gamma rays upon encounters with electrons present in the test solution, such 
as n C, 15 0, or 13 N. Binding may also be detected by other methods, for example via avidin- 
biotin complexes. Further, the labeling agent may be any enzyme included in the groups 
oxidases (such as horse radish peroxidase), luciferases, peptidases (such as caspase-3), 
glycosidases (such as beta-galactosidase) and phosphatases (such as alkaline phosphatase). 

The linking of the detection means is well known in the art. For instance, monoclonal 
antibody molecules produced by a hybridoma can be metabolically labeled by incorporation of 
radioisotope-containing amino acids in the culture medium, or polypeptides may be 
conjugated or coupled to a detection means through activated functional groups. 

The diagnostic kits of the present invention may be used to detect the presence of 
antibodies against flaviviruses, especially WNV, JEV, SLEV or DENV, in a body fluid 
sample such as serum, plasma, urine, or spinal fluid. In various embodiments of the instant 
invention, a substantially pure WNV polypeptide having an authentic conformation is bound 
to a solid support typically by adsorption from an aqueous medium. Useful solid matrices are 
well known in the art, and include crosslinked dextran; agarose; polystyrene; 
polyvinylchloride; cross-linked polyacrylamide; nitrocellulose or nylon-based materials; 
tubes, plates or the wells of microtiter plates. The polypeptides of the present invention may 
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be used as diagnostic agents in solution form or as a substantially dry powder, e.g., in 
lyophilized form. In another preferred embodiment, the instant invention provides an antigen, 
such as WNV E glycoprotein, coupled to a solid matrix in the form of a bead or microsphere, 
such as those available from Luminex Corporation (Austin, TX). Coupling may be to the 
surface of the microsphere or to an internal surface that is accessible from the outside surface. 

The method of attachment of antigens to microsphere beads are known in the art. 
Antigens can be coupled to beads such as those provided by Luminex Corporation by a two- 
step carbodiimide process according to the manufacturer's recommendations. According to 
the instant invention, 50 micrograms of purified WNV E glycoprotein antigen (WNV-E) is 
coupled to the surface of 6.25 X 10 6 microspheres. Activation is initiated with 50 microliters 
of 50 mg/ml Sulfo-NHS followed by 50 microliters of 50 mg/ml EDC and a 20 minute 
incubation at room temperature. Coupling of the recombinant antigen takes place for 2 hours, 
in the dark, on a rotator at room temperature. Microspheres were washed by centrifugation, 
twice, in 1.0 ml PBS Azide blocking buffer, (PBN) composed of PBS, 1 BSA, 0.02% NaN 3 . 

In a preferred embodiment of the instant invention, a plurality of antigens can be used, 
each coupled to separate or the same microsphere beads. It is within the scope of the present 
invention for additional antigens of WNV or another flavivirus, such as, the membrane (M) 
protein or a non-structural (NS) protein, to be coupled to the microspheres. It will be 
recognized that incorporating additional antigens to the microspheres can enable the further 
ability to distinguish between related flaviviruses, such as WNV, JEV, SLEV, DENV strains, 
or tick-borne encephalitis virus. Different beads or different regions of beads can be tagged 
with fluorescent identifier tags, which allows for the coupling of specific antigens to specific 
fluorescent tag identifiers. This enables the methods of the instant invention to be carried out 
in a "multiplexing" approach, wherein more than one type of antigen is bound to the 
microspheres, which enables a multi-antigen assay to be carried out simultaneously. Use of 
the microsphere immunoassay approach also allows the method of the instant invention to be 
carried out in a high-throughput manner. High-throughput screening according to the method 
of the instant invention can be useful for large-scale screeing, such as screening large 
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population sizes for epidemiological studies or screening blood banks or organs for samples 
contaminated with flaviviruses or WNV. 

The present invention also encompasses fragments or portions of WNV polypeptides, 
which may provide more specific diagnostic reagents than full-length WNV polypeptides and 
thus may alleviate such pitfalls as false positive and false negative results. According to the 
inventor's own discoveries, a substantially pure WNV E glycoprotein having an authentic 
conformation is not only reactive against antibodies against WNV E glycoprotein, but 
strongly, reliably, predictably and consistently cross-reactive with antibodies against JEV, 
SLEV and DENV. Thus, in one embodiment, the WNV E glycoprotein is used in a diagnostic 
method for detecting a current or prior infection of a flavivirus, such as, WNV, DENV, JEV, 
or SLEV. Prior to the inventor's own research, WNV E glycoprotein was believed mainly to 
react specifically with antibodies to WNV. It was not reliably known to cross-react with 
antibodies against other flaviviruses, such as JEV, SLEV, or DENV, with greater sensitivity 
than JEV, SLEV, or DENV antigens prepared by polyethylene glycol precipitation and/or 
acetone extraction, which can cause denaturation. 

One skilled in the art will realize that it may also be advantageous in the preparation of 
detection reagents to utilize epitopes from more than one WNV protein or more than one 
WNV isolate. 

One of ordinary skill in the art will recognize that serodiagnosis of a WNV infection 
currently requires a series of enzyme-linked immunosorbent assays (ELIS A) and viral plaque 
reduction neutralization (PRN) tests. It will be further recognized by one of ordinary skill in 
the art that currently used diagnostic methods available in the art require between 3 days and 3 
weeks to obtain a reliable result. In a preferred embodiment, the instant invention provides a 
method for presumptive serodiagnosis of a WNV infection using a novel microsphere 
immunoassay that requires less than about 3 hours to obtain a reliable preliminary result. 
Further, the method of the instant invention requires as little as 10 microliters of biological 
sample and thus is not a wasteful method nor does the method require plentiful reaction 
reagents since the reaction volumes can be kept small. 
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According to the instant invention, antibodies elicited by WNV and certain other 
flaviviruses, such as, JEV, SLEV, and DENV, are detected in a recombinant WNV E 
glycoprotein microsphere immunoassay. "Immunoassay" refers to a method of detection of a 
specific antigen or a group of related or similar antigens through their ability to be recognized 
and bound by a specific antibody directed against them. It will be understood that antibody- 
antigen interactions are very specific and involves the recognition of and binding to specific 
epitopes of the antigen. One of ordinary skill in the art will appreciate that the bound antibody 
can be detected in a variety of different ways. In one example, the bound antibody, for 
example an IgM antibody, that is bound to the antigen being assayed can itself be detected by 
a second antibody that is capable of binding the first antibody, such as, for example, an anti- 
IgM antibody. The second antibody can be coupled to a detectable label, such as a fluorescent 
marker, or an enzyme, such as horse radish peroxidase. 

According to one embodiment of the instant invention, the microsphere immunoassay 
can identify an infection by a flavivirus, such as, WNV, JEV, SLEV, or DENV, from a 
biological sample from a patient having no evidence of said infection in less than about 3 
hours. Further, a recent or current infection can be determined following IgG depletion of and 
subsequent detection of IgM antibodies to said flaviviruses. Thus, it will be understood by 
one of ordinary skill in the art that the microsphere assay of the instant invention can used to 
identify suspect cases of WNV or flavivirus infection within 5 working hours. Accordingly, 
the microsphere immunoassay according to the instant invention would enable the 
replacement of eight separate assays, namely, MAC ELIS A and IgG ELIS A for WNV, JEV, 
SLEV, or DENV. 

Further, results from testing for WNV and certain flavivirus infections would be 
available within less than one testing day, instead of 3 days as currently taught by the methods 
available in the art. A cost analysis for a test result on the microsphere immunoassay 
according to the instant invention, calculated on the basis of supplies and reagents while 
excluding the cost of the recombinant polypeptide of the instant invention and staff time was 
$0.24. Conversely, the cost per test result for the MAC ELISA is $4.84 and the cost per test 
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result for the IgG ELISA is $5.25 (exluding antigen and monoclonal antibodies provided by 
the CDC and labor). Thus, the method of the instant invention provides a much less 
expensive alternative to current art methods of detection. 

The microsphere immunoassay of the instant invention requires less labor and less 
time to generate 100 test results than the MAC ELISA or the IgG ELISA. The microsphere 
immunoassay of the instant invention could be combined with a subsequent virus-specific 
plaque reduction neutralization test used to provide information on the specific flavivirus of 
the infection. 

In another embodiment of the subject invention, a microsphere-based suspension flow 
cytometric immunoassay is used to detect antibodies to a WNV envelope glycoprotein and 
antibodies to other certain flaviviruses, such SLEV, JEV, and DENV. The immunoassay uses 
a low serum volume (about 10 microliters) and exhibits a broad dynamic range of detection 
over two logarithms of antibody concentration with a high signal to noise ratio. Reaction 
kinetics are enhanced by incubations with continual shaking at 37°C, which enables the entire 
assay to be completed within 2.5 hours, depending upon the number of serum samples 
processed. One of ordinary skill in the art will understand that an optimal dilution of 
biological sample is about 1:25 to 1:250, preferably a dilution of 1:100. 

In preferred embodiments of the present invention, an immunodepletion step is 
performed prior to testing a biological sample in order to remove a specific antibody 
population, such as an IgM or IgG antibody population. Immunodepletion can be carried out 
by contacting the biological sample with an antibody against the specific antibody 
subpopulation to be removed to form an insoluble complex which can be removed by a 
separation process, such as centrifugation. Accordingly, the instant invention can be used to 
determine recent or ongoing infections, for example, following IgG removal, or to detect a 
protective immune response, for example, following IgM removal. 

The subject invention also provides for diagnostic kits, such as ELIS As, capable of 
detecting a WNV infection and infections by other certain flaviviruses, such as SLEV, JEV 
and DENV that include a purified and/or isolated polypeptide or fragment thereof from WNV, 

! 

74 

00I55269.DOC 



454311-2232.1 
PATENT 



in particular, WNV E glycoprotein. As determined by the inventor's own research, a 
substantially purified WNV E glycoprotein having intact conformational epitopes is reactive 
to antibodies against WNV and also strongly, reliably, predictably and consistently cross- 
reactive to antibodies against other certain flaviviruses, such as, DENV, SLEV and JEV. In 
contrast to the methods currently available in the art, ELISA antigens are partially denatured 
by acetone and contaminated with other proteins from the host cells from which the antigen 
was expressed or produced. Impure antigen provides more non-specific binding and lower 
detection signals than the pure antigen used in the assay of the present invention. One of 
ordinary skill in the art will appreciate the mechanics of an ELISA and further details thereof 
can be found in numerous scientific literature and protocol books, such as, for example, The 
ELISA: Enzyme-Linked Immunosorbent Assay in Veterinary Research and Diagnosis 
(Current Topics in Veterinary Medicine and Animal Science, V. 22) , R. C Wardley (Editor), 
J. R. Crowther (Editor). 

The diagnostic kits and methods for detecting antibodies against WNV and other 
flaviviruses are also useful for detecting a protective immune response to WNV or flavi virus 
infection. Further, the methods of the instant invention are also useful in monitoring the 
course of immunization against WNV and other flaviviruses. In patients previously 
inoculated with the vaccines against WNV or other flaviviruses, the detection means and 
methods disclosed herein are also useful for determining if booster inoculations are 
appropriate. 

The diagnostic kit, such as an ELISA, can be self-contained, no laboratory equipment 
is needed. The advantages of such a kit are apparent, as it facilitates screening for antibodies 
to WNV or other certain flaviviruses at any time and virtually at any place, including remote 
geographic areas and those locations lacking a 24 hour testing facility. 

The invention also contemplates that the diagnostic kits, such as ELISAs, can include 
a nonstructural protein of WNV, especially NS5, for the specific detection of WNV without 
cross-reactivity to other flaviviruses, including for example SLEV, JEV, and DENV. In 
addition, a nonstructural protein of DENV, especially NS5, is contemplated for the diagnostic 
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kits of the present invention to be used to specifically detect an infection of DENV. DENV 
NS polypeptides of a first particular strain show specificity for antibodies raised against the 
same first DENV strain and are not cross-reactive with antibodies against other DENV strains. 
For example, NS of DENV- 1 will show specificity to anti-DENV-1 sera, but will not be 
reactive with sera raised against DENV-2, -3, or -4. In addition, like WNV NS proteins, the 
DENV NS polypeptides are not substantially cross-reactive with antibodies against one or 
more members of the genus Flavivirus, such as, for example, JEV, SLEV, or WNV. Thus, the 
DENV NS can be used to discriminate between a general flavivirus infection and a DENV 
infection. In addition, since the antibodies to DENV NS proteins are not persistent, the 
DENV NS proteins can be used to detect recently acquired infections or current infections. 

The diagnostic kits and methods for detecting antibodies against WNV, DENV and 
other flaviviruses are also useful for detecting a protective immune response to WNV or 
flavivirus infection. Further, the methods of the instant invention are also useful in 
monitoring the course of immunization against WNV and other flaviviruses. In patients 
previously inoculated with the vaccines against WNV or other flaviviruses, the detection 
means and methods disclosed herein are also useful for determining if booster inoculations are 
appropriate. 

The diagnostic kit can be self-contained, no laboratory equipment is needed, such as 
with ELISAs. The advantages of such a kit are apparent, as it facilitates screening for 
antibodies to WNV or other certain flaviviruses at any time and virtually at any place, 
including remote geographic areas and those locations lacking a 24 hour testing facility. 

In a further embodiment, the diagnostic methods of the instant invention can be carried 
out using a lateral flow immunoassay. A lateral flow immunoassay (immunochromatographic 
test) comprising a simple lateral flow device can be used to rapidly detect antibodies present 
in a biological sample against a flavivirus antigen, such as WNV E glycoprotein, WNV NS5, 
or DENV NS5. Such a device consists of a membrane strip, with the membrane typically of 
nitrocellulose, cellulose acetate or nylon, through which the serum (i.e., biological) sample, 
buffer, and detection reagent (antigen-coated microparticles) flow by capillary action. The 
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membrane strip further comprises a reagent application pad onto which a biological sample 
and an antigen-coupled microparticle can be applied. The microparticles can be of known 
form, size or constitution deemed useful to one of ordinary skill in the art, such as polystyrene, 
fluorescently-labeled polystryrene, magnetic, latex, or any such polymer. 

The membrane strip can be further divided into "zones," which are specific regions of 
the membrane strip wherein an immunological reaction takes place between an antigen-coated 
microparticle and an antibody. In a preferred embodiment, the test zones are coated with an 
anti-immunoglobulin antibody population, such as, anti-human IgG or anti-human IgM 
antibodies, which can be located at different positions along the test membrane. According to 
the present embodiment, the membrane strip also comprises a positive control zone containing 
an antibody against the antigen of interest, such as a monoclonal/polyclonal antibody reactive 
against WNV E glycoprotein antigen, WNV NS5 antigen, or DENV NS5 antigen. The 
invention, however, is not meant to be limited to the detection of antibodies against WNV E 
and NS5 or DENV NS5, but rather antibodies to any flavivivirus antigen, especially a 
flavivirus E glycoprotein or NS5 antigen, could be detected using the membrane strip method 
of the invention, such as antibodies against JEV and SLEV antigens. 

In another embodiment, an antigen of interest, such as a flavivirus antigen, especially 
WNV E glycoprotein, WNV NS5, or DENV NS5, are adsorbed or alternately dried to the 
surface of the membrane strip. The membrane strip can be of any suitable material known in 
the art, such as, for example nitrocellulose, cellulose acetate or nylon. Preferably, the antigens 
are adsorbed or dried to the surface of the membrane strip in separate zones to enable separate 
detection of antibody types, such as IgG or IgM antibodies, that will bind to the antigen during 
the course of the membrane strip assay. In this embodiment, a biological sample, such as a 
bodily fluid, blood, serum, plasma, saliva, tears, feces, semen, mucous, tissue, tissue 
homogenate, cellular extract, or spinal fluid, containing anti-flavivirus antigen antibodies, 
such as IgG anti-NS5, IgM anti-NS5, IgG anti-WNV E, or IgM anti-WNV E, would be 
applied to the membrane strip at one end to allow the sample to move through the membrane. 
Antibodies contained in the biological sample against the flavivirus antigens of the membrane 
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strip, such as IgG or IgM antibodies, will recognize, interact with, and bind to said antigens. 
One of skill in the art will appreciate that certain biological samples, such as a bodily fluid, 
blood, serum, plasma, saliva, tears, feces, semen, mucous, tissue, tissue homogenate, cellular 
extract, or spinal fluid, may require certain preparatory steps prior to applying the the 
membrane strip to enable the sample to flow through the membrane strip. Such pretreatment 
includes, but is not limited to, dilution or removal of particulate matter. Once the anti- 
flavivirus antibodies present in the sample have bound to the flavivirus antigens of the 
membrane strip, a detection reagent comprising secondary antibody-coupled microparticles, 
such as anti-human IgG or IgM antibody-coupled microparticles, are applied to the membrane 
strip to detect the anti-flavivirus antibodies already bound to the flavivirus antigens. 

One of ordinary skill in the art will recognize that the key components of one 
embodiment of a lateral flow device consist of: 

1) a membrane strip consisting of modified nitrocellulose, cellulose acetate or nylon 
to which the detection reagent, consisting of antigen-coupled microparticles and a 
biological sample containing antibodies that recognize the antigen is applied; 

2) a test zone of anti-immunoglobulin capture antibodies, immobilized at a specific 
zone, or location on the membrane, wherein capture of the detection reagent at this 
zone gives a colored pattern and indicates the presence of antibodies of interest; 
and 

3) a control zone of antibodies specific for the antigen under study, immobilized in a 
second zone on the membrane, wherein capture of the detection reagent at this 
zone gives a visual pattern and shows that the test was successfully completed. 

The detection reagent, which consists of antigen-coupled microparticles, such as 
colored latex or metal beads, can be detected visually. The detection reagent is applied with 
special releasing agents and dried near the bottom of the membrane strip. The microparticles 
can be applied directly to the membrane, or they can be applied to an absorbent pad that is in 
contact with the membrane. When a biolocial sample is introduced to the antigen-coupled 
microparticls, anti-antigen antibodies, such as, for example anti-antigen IgG or IgM 
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antibodies, present in the biological sample bind to the antigen-coupled microparticles. The 
microparticles are then carried through the membrane strip by capillary action and come into 
contact with the secondary antibodies coupled at each of the zones along the strip, wherein the 
secondary antibodies recognize the specific types of anti-antigen antibodies bound to the 
antigen-coupled microparticle, such as anti-human IgG or IgM antibodies. It will be 
appreciated that the membrane strip can be provided with absorbent pads located at the top of 
the membrane to act as a reservoirs of buffer or fluid so that the biological sample/antigen- 
coupled microparticles flow continuously through the membrane coming into contact with 
each zone of the membrane strip. 

One of ordinary skill in the art will understand that all of the components and reagents 
that go into a lateral flow device must be chosen with care and matched during research and 
development of the test to ensure adequate sensitivity, stability and reliability of the finished 
test device. When properly constructed, these tests are sturdy and reliable, but they are 
delicately balanced, and even minor changes in materials, reagent processing or raw material 
specifications can cause significant loss in test performance. A discussion of lateral flow 
methodology may be found in L.B. Bangs, Manual for The Latex Course, Bangs Laboratories, 
Inc.,Carmel,IN(1996). 

In a preferred embodiment of the instant invention and referring to FIG. 17, the 
positive control zone (1702) of the membrane strip (1701) comprises anti-WNV E antigen 
antibodies, which can be monoclonal or polyclonal. A detection reagent, comprising a 
substantially pure antigen, such as WNV E glycoprotein, WNV NS5, or DENV NS5, each 
having an authentic conformation, are coupled to microparticles and applied to the reagent 
application pad (1705), along with a biological specimen, and a buffer. The microparticles 
can be colored polystyrene beads, fluorescently-labeled polystyrene beads, or metal particles, 
or any appropriate type known to one of skill in the art. In the case where the coupled antigen 
is WNV E glycoprotein, the coupled antigen is reactive with IgG and/or IgM antibodies 
against WNV and strongly cross-reactive with IgG and/or IgM antibodies against a flavivirus, 
especially, JEV, SLEV, or DENV, that may be present in the biological sample. In the case 



79 



00155269.DOC 



454311-2232.1 
PATENT 



where the coupled antigen is WNV NS5 or DENV NS5, the coupled antigen is specifically 
reactive with IgG and/or IgM antibodies against WNV or DENV, respectively, but not cross- 
reactive with IgG and/or IgM antibodies against another flavivirus that may be present in the 
biological sample. Further, DENV NS5 is specific for antibodies against the same DENV 
strain from which it is isolated and not cross-reactive with antibodies to other DENV strains. 
For example, DENV-1 NS5 is specific for antibodies against DENV-1, but not cross-reactive 
with antibodies against DENV-2, -3, or -4. It will be appreciated that the DENV NS5 
antigens thus can be used to discriminate the four different known DENV strains. 

The detection reagent (further bound to IgG and/or IgM antibodies, if present in the 
biological sample) migrate up through the membrane strip by capillary action and successively 
come into contact with different antibody-containing zones. For example, the detection 
reagent first comes into contact with zone 1704, which can be coated with anti-IgM antibodies 
(such as, goat anti-human IgM antibodies). The detection reagent will bind to zone 1704 
through the binding interaction between the zone 1704 anti-IgM antibodies and IgM 
antibodies of the detection reagent, if present. The detection reagent will also come into 
contact with zone 1703, which can be coated with anti-IgG antibodies (such as goat anti- 
human IgG antibodies). The detection reagent will bind to zone 1703 through the binding 
interaction between the zone 1703 anti-IgG antibodies and IgG antibodies of the detection 
reagent, if present. Further, the detection reagent will come into contact with and bind to zone 
1702, a control zone coated with antibodies specific for the antigen of the detection reagent. 
The results of the flow immunoassay can be determined visually since the microparticles are 
held at zones 1702, 1703 and 1704 through antibody- antibody or antibody- antigen 
interactions. 

One of ordinary skill in the art will appreciate that the instant invention encompasses 
any suitable configuration of the membrane strip test (immunochromatographic test). For 
example, the antigen of interest, such as a flavivirus antigen (e.g. WNV NS5, WNV E, or 
DENV NS5), can be coupled either to the microparticle or directly to the membrane strip. If 
the antigen of interest is coupled to the microparticle, detection of any anti-antigen antibodies 
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present in a biological sample can be conducted by coupling a secondary antibody, such as 
anti-human IgG or IgM antibodies, to a specific location or zone on the membrane strip. In 
this case, as the antigen-coated microparticles are allowed first to interact with a biological 
sample containing anti-antigen antibodies such that the anti-antigen antibodies bind to the 
antigens of the coated microparticles. Next, the microparticles migrate through the membrane 
strip. The microparticles will be captured at the zones of the strip containing the secondary 
antibodies vis-a-vis binding interactions between the secondary antibody (e.g., anti-human 
IgG or IgM antibody) and the anti-antigen antibody bound from the sample bound to the 
antigen-coupled microparticle. The captured microparticles can be directly visualized by 
inspection thereby confirming either the presence or absence of anti-antigen antibodies in the 
biological sample. One of ordinary skill in the art will also appreciate that the antigens of 
interest can also be adsorbed or dried onto the surface of the membrane strip. In this case, the 
secondary antibodies would be coupled to the microparticles. 

In various embodiments described herein, the flavivirus antigens of the instant 
invention, especially WNV E glycoprotein, WNV NS5, and DENV NS5, are covalently 
coupled to a microparticle. Microparticles can include, but are not limited to, polystyrene 
microparticles, colored or fluorescently labeled polystryrene microparticles, latex and colored 
latex microparticles, paramagnetic microparticles, metal particles, such as gold, glass 
microparticles, and plastic microparticles. One of ordinary skill in the art will understand that 
"microparticles" one in the same as "microspheres" or "uniform latex particles." The inventor 
has further discovered that the antigens of the instant invention, especially WNV E 
glycoprotein, WNV NS5 and DENV NS5, are highly stable when coupled to microparticles, 
especially polystyrene microparticles. The data of FIG. 9 and a plot of 1/T90 (time to 90% 
potency of reagent) against 1/T (Kelvin) gives an estimated T90 of three months. Further, the 
inventor has discovered that in practice, the stability of the antigen-coupled microparticles is 
greater than three months. 

In various embodiments of the instant invention, WNV E glycoprotein-coupled or 
NS5-coupled microspheres are used in a microsphere immunoassay to detect antibodies 
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against a flavivirus, especially WNV, JEV, SLEV, or DENV, in a biological sample. The 
WNV E glycoprotein is substantially pure and of native conformation, which allows for strong 
cross-reactivity of the WNV E glycoprotein among flaviviruses, especially WNV, JEV, 
SLEV, and DENV. Any kind of microsphere immunoassay known in the art is within the 
scope of the present invention, such as, but not limited to, agglutination assays, slide tests, 
lateral flow tests (previously described), or fluorescence-based assays, such as flow cytometric 
analyses and Luminex-based immunoassays (Austin, TX). A discussion of different 
immunoassays known in the art may be found in L.B. Bangs, Manual for The Latex Course, 
Bangs Laboratories, Inc., Carmel, IN (1996). 

One of ordinary skill in the art will understand that microsphere-based immunoassays 
can be both qualitative and quanitative and are usually based upon a very specific interaction 
of antigen (Ag) with antibody (Ab). Sub-micron sized polystyrene microspheres are used as a 
solid support. The microspheres act to magnify or amplify the Ag-Ab reaction which takes 
place when they are mixed with a sample containing the opposite reactant. 

The Luminex microsphere immunoassay allows the performance of multiplex analysis 
to detect antibodies against multiple antigens in a single tube. The antigens of the instant 
invention, especially the WNV E glycoprotein, WNV NS5, and DENV NS5 described above, 
can be covalently linked to microsphere beads containing different fluorochromes. During the 
assay readout, the first laser excites the intrinsic fluorochrome in the antigen-bearing 
microspheres, allowing identification of each bead in the assay mixture. The second laser 
excites the fluorochrome tag of the reporter molecule, measuring the level of antibodies that 
bind to the specific antigen. The multiplex assay should allow simultaneous primary and 
confirmatory diagnosis of a flavivirus infection, especially WNV, DENV, and other 
flaviviruses such as JEV and SLEV. About 100 different types of fluorescent polystyrene 
microspheres are commercially available (Luminex, Austin, TX), In principle, one can 
perform a multiplex analysis of up to 100 analytes. In practice, most multiplex immunoassays 
have included up to 20 analytes measured at one time. This technology should be useful for 
simultaneous detection of multiple pathogens in clinical laboratories. 
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Upon virus infection, the immune system first develops conformational epitopes. 
Antibodies against linear epitopes are produced later, as virus particles are broken down and 
presented in the context of the T cell receptors and major histocompatibility complex 
molecules on the surfaces of infected cells. Therefore, epitope mapping of various parts of 
structural and NS proteins is a good strategy by which to identify virus-type specific peptides. 
Synthetic peptides representative of linear, virus-type specific epitopes may be used as 
antigens for specific diagnosis of the particular virus. It should be borne in mind that the use 
of synthetic peptides as antigens may result in high background in immunoassays, depending 
upon the length of the peptide and the ionic strength of assay buffers. However, in 
combination with antigens that have native conformation (e.g., recombinant NS5), such virus- 
type specific peptide could add another layer of specificity to the current serological diagnosis. 

Agglutination tests are portable, rapid, efficient, and useful under the most primitive 
conditions, e.g., when no laboratory equipment is available, such as a flow cytometer or a 
Luminex machine (Austin, TX). Diagnosis can occur quickly and simply (2 minutes from , 
sample preparation). Diagnosis and treatment can commence promptly, before the patient is 
transferred or discharged. Agglutination tests can include liquid reagents made with plain, 
white microspheres. Tests can be run on either reusable glass slides or on disposable plastic 
or coated paper cards. These tests often require to operator to constantly mix the sample for 
several minutes to achieve agglutination, which is visually detectable following the formation 
of particulate clumps. 

Slide tests, such as Roche's OnTrak™ (F. Hoffmann-La Roche Ltd, Basel, 
Switzerland) device, are more recent refinements of agglutination tests. In the slide test, the 
sample and reagent with coated microspheres are mixed and guided into a "track" or capillary. 
As the reactants move down the track by capillary action, they mix. Agglutination is detected 
with transmitted light one the sample travels towards the end of the slide. The test is mainly 
operator-independent, and therefore is more amendable to automation. The microspheres 
used can also be dyed or fluorescent to provide different contrasting colors to improve 
detection. 
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One of ordinary skill in the art will understand that slide tests and/or lateral flow 
immunoassays are synonymous with immunochromatographic tests. More discussion on 
immunochromatographic tests may be found in: L. Kittigul and K. Suankeow. Eur. J. Clin. 
Microbiol. Infect. Dis. 21:224-226 (2002); Tsuda, S., et al. Plant Disease 76, 466-469 (1992); 
Brown, W.E.I., Safford, S.E. & Clemens, J.M. Solid-Phase Analytical Device and Method for 
Using Same, U.S. Pat. No. 5,160,701, Nov. 3,1992; Cole, F.X., MacDonnell, P.C. & Cicia, 
N.J., Porous Strip Form Assay Device Method , U.S. Pat. No. 5,141,850, August 25,1992; 
Fan, E., et al. Immunochromatographic Assay and Method of Using Same , WO 91/12336, 
August 22,1991; Imrich, M.R., Zeis, J.K., Miller, S.P. & Pronovost, A.D. Lateral flow 
medical diagnostic assay device U.S. Patent: 5,415,994, May 16,1995; and May, K., Prior, 
M.E. & Richards, I. Immunoassays and Devices Therefore, International Patent Number: WO 
88/08534, November 3,1988. 

Agglutination can be quantitated using instruments such as spectrophotometers and 
nephelomters to measure transmitted, absorbed, or scattered light, as a result of protein 
precipitation of the agglutination process. 

With Luminex-based immunoassay technology, molecular reactions take place on the 
surface of microscopic beads called microspheres. For each reaction, thousands of molecules 
are attached to the surface of internally color-coded microspheres. The assigned color-code 
identifies the reaction throughout the test. 

The magnitude of the biomolecular reaction is measured using a second molecule 
called a reporter. The reporter molecule signals the extent of the reaction by attaching to the 
molecules on the microspheres. Because the reporter's signal is also a color, there are two 
sources of color, the color-code inside the microsphere and the reporter color on the surface of 
the microsphere. 

To perform a test, the color-coded microspheres, reporter molecules, and sample are 
combined. This mixture is then injected into an instrument that uses microfluidics to align the 
microspheres in single file where lasers illuminate the colors inside and on the surface of each 
microsphere. Next, advanced optics capture the color signals. Finally, digital signal 
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processing translates the signals into real-time, quantitative data for each reaction. Further 
descriptions of Luminex -based immunoassays may be found in U.S. Pat. Nos. 6,449,562, 
6,41 1,904, 6,268,222, 6,139,800, 5,981,180 and 5,736,330. 

It will be recognized by one of ordinary skill in the art that the methods set forth in the 
present application are not limited to the use of WNV E glycoprotein, WNV NS5, or DENV 
NS5, to detect antibodies to flaviviruses specific to WNV or DENV. In contrast, the 
development of the microsphere immunoassay according to the present invention can be 
expanded to achieve other efficiencies in serologic testing for infectious diseases and/or 
autoimmune diseases where symptoms and geographic location of vectors and reservoirs are 
held in common, or when a need exists to test sera for exposure to multiples agents in a time- 
effective manner. 

It will also be appreciated to one of ordinary skill in the art that the detection methods 
of the instant invention can be carried out using any known assay format readily available, 
such as, for example, an ELIS A. ELIS A methods are well known in the art. Example 26 sets 
forth further description on the application of ELIS A with the antigens and methods of the 
present invention. 

A better understanding of the present invention and of its many advantages will be had 
from the following examples which further describe the present invention and given by way of 
illustration. The examples that follow are not to be construed as limiting the scope of the 
invention in any manner. In light of the present disclosure, numerous embodiments within the 
scope of the claims will be apparent to those of ordinary skill in the art. 

EXAMPLES 

The following Materials and Methods were used in the examples that follow. 
Reagents 

Recombinant West Nile envelope glycoprotein antigen, provided by L 2 Diagnostics, 
New Haven, CT, was expressed in a eukaryotic cell expression system and purified by column 
chromatography. N-Hydroxysuccinimide (Sulfo-NHS) and l-ethyl-3-(3-dimethylamino- 
propyl) carbodiimide-HCL (EDC) were obtained from Pierce, Rockford, IL. PBS with Tween 
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20, pH 7.4 (PBS-T); PBS with bovine serum albumin (BSA) (PBS-BSA), pH 7.4; PBS and 
Ultra Sodium Azide were from Sigma/ Aldrich, St. Louis, MO. 

Goat F(ab')2 anti-human immunoglobulins, IgG+IgA+IgM conjugated to red- 
phycoerythrin (R-PE); goat F(ab')2 anti-human IgG R-PE conjugate; and goat F(ab')2 anti- 
human IgM R-PE conjugate were from Bio-Source International, Camarillo, CA. 

Supplies and equipment 

A Luminex 100 flow analyzer was from Luminex Corporation, Austin, Texas. 
CL1/CL2 calibration microspheres, RP1 calibration microspheres, and multi-analyte 
microspheres with carboxylated surface were also obtained from Luminex Corporation. 
Multiscreen filter plates with 1.2 micron Durapore filters and a multiscreen vacuum manifold 
were from Millipore, Bedford, MA. Slide-A-Lyzer mini-dialysis unit floats were from Pierce, 
Rockford, IL. A Labquake Thermolyne tube rotator was from VWR, Bridgeport, NJ. Costar 
opaque black EIA/RIA plates with breakaway strips/wells, were from Corning Inc., Corning, 
NY. An ultrasonic cleaner (sonicator) was from Cole-Palmer, Vernon Hills, IL. 

Human Sera 

Patient sera previously tested for WNV antibodies by the MAC ELIS A and the IgG 
ELISA were coded, with all patient identifiers removed, and were provided from the serum 
bank at the Wadsworth Center, of the New York State Department of Health, or by the 
Arbovirus Laboratory of the Centers for Disease Control and Prevention of the United States 
Public Health Service (CDC), Ft. Collins, CO. All sera were tested and evaluated under 
conditions approved by the Institutional Review Board of the New York State Department of 
Health. 

Sera from Wadsworth Center archives were chosen to establish normal MIA ranges for 
positive and negative samples. Ten sera were selected on the basis of positive results in 
standard WN virus ELISA assays. WNV and St. Louis encephalitis virus (SLEV) PRN test 
results for paired acute and convalescent sera confirmed WNV as the infecting agent. Ten 
sera that were negative for WNV antibodies in IgM-capture and IgG ELIS As were selected as 
negative control sera. For assay covariance studies, the 10 WNV patient sera were combined 
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into a positive control serum pool, and the 10 negative sera were combined into a negative 
control serum pool. 

A coded panel of 19 sera provided by the CDC Arbovirus Diseases Branch included: 
three sera from confirmed WNV encephalitis patients; six sera from SLEV patients; and 3 
sera from dengue fever virus (DENV) patients. For 10 of 12 sera from infected patients, the 
infectious agent was confirmed by virus PRN tests using WNV, SLEV, or DENV. Cross- 
neutralization data classified the sera as specific for WNV, DENV or SLEV infections. Seven 
negative control sera were from presumed healthy subjects lacking evidence of previous 
flavivirus infection. The CDC provided ELIS A data for these sera when the samples were 
decoded. 

A third serum panel was from eight individuals vaccinated with three doses of JE- 
VAX (Connaught Laboratories, Missisauga, ON, Canada). These sera were from the 
Wadsworth Center Arbovirus Laboratory. JE-VAX is a licensed, formalin-inactivated 
Japanese encephalitis virus (JEV) vaccine. The vaccinated individuals had a history of 
occupational exposure to flaviviruses and, in some cases, prior vaccination against a 
flavivirus. The sera, which included pre- and post-vaccination sera, were tested for 
neutralizing antibodies in JEV PRN assays. 

Another serum panel represented serial specimens from a patient with WNV infection 
confirmed by PRN tests. Blood specimens were collected 2, 18, 72, 260, and 430 days post- 
disease onset, and, by coincidence, 3 days prior to virus exposure. 

A fifth serum panel included human sera that previously tested positive in standard 
serological assays for antibodies to Epstein Barr virus (EBV), cytomegalovirus (CMV), herpes 
simplex virus (HSV), human immunodeficiency virus (HIV), Treponema pallidum (the 
syphilis spirochete), Borrelia burgdorferi, Anaplasma phagocytophilum, autoimmune nuclear 
antigens (antinuclear antibodies), or rheumatoid factor. These sera were from frozen sera 
archived at the Wadsworth Center. The syphilis patient sera were negative in WNV or SLEV 
PRN tests performed at the Arbovirus Laboratory of the Wadsworth Center. Sixteen normal 
human sera were purchased from United States Biological (Swampscott, MA). Twelve 
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additional sera from healthy individuals were from the Wadsworth Center or L 2 Diagnostics 
(New Haven, CT). 

The Wadsworth Center provided sera from 833 patients with suspected viral 
encephalitis. These sera were submitted to the New York State Department of Health 
between June and November of 2002. These sera had previously been tested for antibodies to 
WNV using the IgM-capture and IgG ELISAs. 

IgG or IgM were selectively depleted from serum specimens with goat anti-human 
IgG or goat anti-human IgM, respectively. For IgG depletions, 5 jllI of serum was mixed with 
45 \ll of goat anti-human IgG (GullSORB from Meridian Diagnostics, Cincinnati, OH). The 
mixtures were centrifuged at 14,000 X g to remove antibody-bound IgG. According to the 
manufacturer, this is sufficient to deplete IgG at concentrations up to 15 mg/ml, the upper 
limit of normal human IgG concentration. Removal of detectable IgG antibodies to WN virus 
was confirmed by negative results in WNV IgG ELISAs and indirect immunofluorescence 
assays with SLEV antigen on arbovirus slides (Focus Technologies, Cypress, CA). 

A similar pretreatment with anti-IgM antibody depleted serum samples of IgM. Ten 
jllI of serum was mixed with 10 jllI 2.5 mg/ml goat anti-human Mu chain (Jackson 
ImmunoResearch Laboratories, Inc., West Grove, PA) prior to addition of 20 jllI PBS and 
centrifugation for 4 min at 14,000 X g to remove antibody-bound IgM. 

Human sera for WNVNS5 studies 

Five panels of human sera were used in this study, (i) WNV patient sera were from 
serum archives at the Wadsworth Center, New York State Department of Health. These sera 
had previously been tested WNV-positive by the IgM capture and indirect IgG ELIS A for 
antibodies reactive to noninfectious recombinant antigen (Davis et al., Martin et al., Johnson 
A.J., et al.). (ii) Acute and convalescent paired sera from DEN patients were provided by the 
National Microbiology Laboratory, Health Canada. The patients are Canadian residents who 
got infected with DEN during recent travels to various geographical regions. These sera had 
been tested by HI assays and PRNT against DEN, Powassan (POW), or SLE virus, (iii) Forty 
SLE patient sera were generously provided by the Centers for Disease Control and Prevention. 
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These samples had been previously confirmed by PRNT against SLE and WNV. (iv) JE- 

vaccinated human sera were from laboratory employees who had received three doses of the 

formalin-inactivated JE vaccine, (v) A panel of human sera from the Diagnostic Immunology 

Laboratory of the Wadsworth Center were used to examine the specificity of the WNV assays, 

including human specimens that were reactive in serologic assays for Lyme disease (Borrelia 

burgdorferi infection), ehrlichiosis (Anaplasma cytophilum infection), syphilis {Treponema 

pallidum infection), human immunodeficiency virus (HIV), Epstein Barr Virus (EBV), 

cytomegalovirus (CMV), antinuclear antibodies (ANA), and rheumatoid factor. All samples 

were blind tested with patient identifiers removed, according to guidelines of the NIH and the 

Institutional Review Board of the New York State Department of Health. 

Cross-species plaque reduction neutralization test (PRNT) and hemagglutination 
inhibition (HI) assays. 

Neutralizing antibodies were evaluated in PRNT with WNV, SLEV, or JEV virus as 
previously described by Lindsey H.S. et. al., which is incorporated herein in its entirety by 
reference. Standard HI tests for DENV, POWV, SLEV, and WNV were performed according 
to the method of Casals J. et. al., which is incorporated herein in its entirety by reference. 

Microsphere immunoassay (MIA) 

Approximately 50 \ig of recombinant NS3, NS5, or E protein was covalently linked to 
the carboxylated surface of 6.25 X 10 6 microspheres through a two-step carbodiimide linkage 
protocol as described by the manufacturer (Luminex Corporation, Austin, TX). A two-step 
suspension MIA was performed. A 96-well 1.2 fun- filter plate (Millipore, Bedford, MA) was 
blocked for 2 min with 100 \il of PBN buffer [phosphate buffered saline (pH 7.4) with 1% 
bovine serum albumin and 0.05% sodium azide], washed once with 150 |il of PBS-T buffer 
[phosphate buffered saline (pH 7.4) with 0.05% Tween-20], and then wetted with 20 \il of 
PBN buffer. Serum samples (50 pi, diluted 1:100 in PBN unless otherwise specified) and 
antigen-conjugated microspheres (2,500 in 50-^1 PBN) were added to each well. The plate 
was incubated in the dark on a shaker at 37°C for 30 min, and then washed three times with 
PBS-T using a vacuum manifold. Polyvalent goat anti-human immunoglobulins 



89 



00155269.DOC 



454311-2232.1 
PATENT 



(IgG+IgA+IgM, 50 jlxI of 1:250 dilution in PBN) conjugated with red-phycoerythrin (Bio- 
Source International, Camarillo, CA) were added. After incubation at 37°C for 30 min, the 
plate was washed twice with PBS-T. Microspheres were resuspended in 125 \il of PBN per 
well, and 75 |il of suspension was transferred to an opaque black EIA/RIA 96-well plate 
(Costar, Corning, NY). The microsphere fluorescence intensity was quantified using a 
Luminex 100 flow analyzer (Luminex Corporation). The MFI of 100 microspheres was 
recorded for each well. The mean of 20 normal sera plus 3 times SD was used as the cutoff 
value for each assay. 

Human cerebrospinal fluid specimens 

Small volumes of spinal fluid (100-200 ul) were obtained from the frozen archives of 
the Encephalitis PCR laboratory and the Diagnostic Immunology Laboratory of the 
Wadsworth Center. These specimens had previously been tested for WNV by PCR and or the 
MAC ELIS A. Patients with either a positive PCR result for WNV, or with a detectable IgM 
antibody to WNV also had follow-up plaque reduction neutralization testing against the likely 
flavivirus infections (WNV, SLE, DEN) on serum specimens. These specimens were tested 
with approval of the Institutional Review Board of the New York State Department of Health. 
All patient identifiers were removed from specimens prior to testing. 

The microsphere immunoassay was performed on the spinal fluids under conditions 
previously described except that the fluids were tested at a 1 :2 dilution by adding 25 
microliters of spinal fluid to 25 microliters of PBS for the total polyvalent antibody result, or 
were tested by adding 25 microliters spinal fluid to 25 microliters of a 1/100 dilution of anti- 
IgG (Gull SORB) for the IgG depleted "IgM"result. This concentration of anti-human IgG is 
calculated to provide an optimal molar ratio to deplete IgG in the spinal fluid, based on the 
assumption that the IgG concentration in serum is 1000 fold greater than in spinal fluid (Burke 
et al, JCM 1982). 

Con figuration of the rE-MJ to detect IgM in spinal fluids. 

For ease of technical performance and for quality control. We maintained, as much as 
possible, the similar assay configuration for the spinal fluids as used for the analysis of serum. 
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The number of r-WNV-E coated beads added to spinal fluid in the wells was maintained at 
2500 beads in a volume of 50 ul. Our chosen conjugate dilution was maintained at 1/250 of 
R-PE anti human immunoglobulins. A panel of 1 1 spinal fluids from patients confirmed to 
have flavivirual encephalitis was tested with the rE-MI. Data from the polyvalent assay and 
from the "IgM" (IgG depleted) assay are given in FIG. 15. Note that the P/N values for IgM 
assay were higher than the P/N values for the polyvalent assay in specimens from patients 
deemed to be "WNV Current or Recent" The patients determined to be WNV at undetermined 
time" had the lowest "IgM" P/N values. For the spinal fluids from "Dengue at Undetermined 
Time" patients, the IgM P/N values were less than the polyvalent P/N values. 
IgM-capture and indirect IgG ELISAs. 

Sera provided by the CDC Arbovirus Diseases Branch were tested by the CDC for 
antibodies to WNV, SLEV, and/or DENV in IgM-capture and indirect IgG ELISAs in 
accordance with A.J. Johnson et al. (2000) and R. Mariella (2002), which are both 
incorporated herein in their entirety by reference. The ELIS A antigens included: a WNV 
noninfectious recombinant antigen (NRA) preparation of recombinant E, prM and M proteins 
(B.S. Davis et al.); a sucrose acetone extract of SLE virus-infected suckling mouse brain; or 
acetone-extracted DENV from supernatants of infected C6/36 mosquito cell cultures. Control 
wells were coated with mock antigen prepared in a similar manner from uninfected cells or 
tissue. 

The New York State Department of Health tested sera and CSF for antibodies to WNV 
using the WNV NRA and control mock antigen provided by CDC in the IgM-capture and 
indirect IgG ELISAs. 

A specimen was considered positive if, at a P/N ratio >3.0, a two-fold greater 
immunoreactivity was observed for viral antigen relative to control antigen. ELIS A results 
were considered uninterpretable due to nonspecific binding if the latter criterion was not met. 

Statistical analysis. 

Microsoft Excel software was used for statistical analysis. Data from different groups 
were compared with two-tailed Student's t tests. Relationships between paired variables were 
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evaluated with Pearson r correlation. Two way contingency table analysis using distributed 
JavaStat software provided the kappa statistic, sensitivity, specificity and predictive values. 
EXAMPLE I. ISOLATION OF WNV IN CONNECTICUT 

Several WNV isolates were obtained from mosquitoes and birds in Connecticut. 
Mosquitoes were captured in dry ice-baited Centers for Disease Control miniature light traps. 
One mosquito trap was placed at each location per night; the numbers of traps per site ranged 
from 1 to 6. Mosquitoes were transported alive to the laboratory where they were identified 
and grouped (pooled) according to species, collecting site, and date. The number of 
mosquitoes per pool ranged from 1 to 50. The total number of mosquitoes by species that 
were collected in 14 towns in Fairfield County, CT, and tested for virus from 6 September 
through 14 October 1999: Aedes vexans, 1688; Ae. cinereus, 172; Ae. trivittatus, 131; Ae. 
taeniorhynchus, 123; Ae. sollicitans, 109; Ae. cantator, 63; Ae. triseriatus, 28; Ae. japonicus, 
19; Ae. canadensis, 1; Anopheles punctipennis, 82; An. quadrimaculatus, 4; An. walked, 2; 
Coquillettidia perturbans, 15; Culex pipiens, 744; Cx. restuans, 27; Cx. erraticus, 4; Cx. 
territans, 1; Culiseta melanura, 76; Cs. morsitans, 1; Psorophoraferox, 4; and Uranotaenia 
sapphirina, 104. Mosquitoes were stored at -80°C until tested for virus. Additionally, we 
obtained isolated WNV from mosquitoes collected in New York City. 

Most dead birds were collected by state or town personnel in Connecticut and sent to 
the Pathobiology Department at the University of Connecticut, Storrs, where they were 
examined for postmortem and nutritional condition, gross lesions, and microscopic evidence 
indicative of encephalitis. Brain tissue from birds with presumed encephalitis was frozen at - 
70°C and then sent to the Connecticut Agricultural Experiment Station, New Haven, for virus 
testing. Connecticut towns from which dead crows were collected and virus isolated from 
brain tissues (number of isolates in parentheses): Bridgeport (1), Darien (1), Fairfield (4), 
Greenwich (3), Hamden (1), Madison (1), Milford (1), New Canaan (1), New Haven (3), 
North Haven (1), Norwalk (1), Redding (1), Stamford (5), Stratford (1), Weston (1), Westport 
(1), and Woodbridge(l). 



92 



00155269.DOC 



454311-2232.1 
PATENT 



For viral isolation from mosquitoes, frozen pools were thawed, triturated in tissue 
grinders or mortars with pestles in 1 to 1.5 ml of phosphate-buffered saline ("PBS") 
containing 0.5% gelatin, 30% rabbit serum, antibiotic , and antimycotic. After centrifugation 
for 10 min at 520 x g, 100 jil samples of each pool of mosquitoes were inoculated onto a 
monolayer of Vero cells grown in a 25-cm 2 flask at 37°C in 5% C0 2 . Cells were examined 
microscopically for cytopathologic effect for up to 7 days after inoculation. 

For viral isolation from bird brain tissue samples, a 10% suspension of each sampled 
brain tissue was prepared in 1.5 ml of PBS by triturating with a mortar and pestle as described 
above for mosquito samples except that Alundum was added to facilitate homogenization of 
tissue. Two to seven tissue samples from each brain were tested for virus as follows. 
Suspensions were centrifuged at 520 x g for 10 min. The supernatant of each sample was then 
passed through a 0.22-jxm filter before inoculation of a 100-jal sample onto a monolayer of 
Vero cells. Cells were grown in a 25-cm 2 flask at 37°C in 5% C0 2 and examined for 
cytopathologic effect for up to 7 days after inoculation. 

Viral isolates were tested in an ELISA against reference antibodies to six viruses, in 

three families, isolated from mosquitoes in North America. The antibodies were prepared in 

mice and provided by the World Health Organization Center for Arbovirus Research and 

Reference, Yale Arbovirus Research Unit, Department of Epidemiology and Public Health, 

Yale University School of Medicine. The antibodies were to Eastern Equine 

Encephalomyelitis and Highlands J, Cache Valley, LaCrosse, Jamestown Canyon, and St. 

Louis Encephalitis viruses. 

EXAMPLE 2. PCR AMPLIFICATION OF DNA 
ENCODING THE WNV ENVELOPE GLYCOPROTEIN 

The Connecticut WNV isolate 2741 (GenBank™ Accession No. AF206518), as 

described Example 1, was grown in Vero cells which were subsequently scraped from the 

bottom of the flask and centrifuged at 4500 x g for 10 min. The supernatants were discarded 

and RNA was extracted from the pellet using the RNeasy® mini protocol (Qiagen), eluting 

the column twice with 40 |il of ribonuclease-free water. Two microliters of each eluate was 
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combined in a 50-|il reverse transcription-polymerase chain reaction (RT-PCR) with the 
Superscript® one step RT-PCR system (Life Technologies), following the manufacturer's 
protocol. 

PCR primers, WN-233F (5 -G ACTG A AG AGGGC AATGTTG AGC-3 ' ; SEQ ID: 1) 
and WN-1 189R (5-GCAATAACTGCGGACYTCTGC-3'; SEQ ID: 2) were designed to 
specifically amplify envelope glycoprotein sequences from WNV based on an alignment of 
six flavivirus isolates listed in GenBank™ (accession numbers: M16614 (St. Louis 
encephalitis virus); M73710 (Japanese encephalitis virus); D00246 (Kunjin virus); M12294 
(West Nile virus); AF130362 (West Nile virus strain RO97-50); AF130363 (West Nile virus 
strain 96-1030)). 

The resultant PCR products were purified with the QIAquick PCR Purification Kit® 

(Qiagen) following the manufacturer's protocol. The amplified DNA and sequenced by the 

Sanger method at the Keck Biotechnology Center at Yale University, New Haven, CT. The 

sequence was confirmed to corresponded to the envelope glycoprotein encoding sequence by 

alignment with the envelope glycoprotein encoding sequence from other flavivirus isolates 

using the ClustalX 1.64B program (J.D. Thompson, et al., Nucleic Acids Res, 22, 4673 

(1994)). We further purified the resulting DNA fragments by electrophoresis on a 1% agarose 

gel, excised the DNA band, and isolated the DNA using the QIAquick Gel Extraction Kit® 

(Qiagen) following the manufacturer's protocol. 

EXAMPLE 3. EXPRESSION AND PURIFICATION 

OF RECOMBINANT WNV ENVELOPE GLYCOPROTEIN 

The DNA of Example 2 was expressed in E. coli using the pB AD/TOPO™ 

ThioFusion Expression System® (Invitrogen). This system is designed for highly efficient, 

five minute, one step cloning of PCR amplified DNA into the pB AD/TOPO™ ThioFusion 

expression vector. Fusion protein expression is inducible with arabinose. Fusion proteins 

were expressed with thioredoxin (12 kDa) fused to the N-terminus, and a C-terminal 

polyhistidine tag. The polyhistidine tag enables the fusion proteins to be rapidly purified by 

nickel affinity column chromatography. An enterokinase cleavage site in the fusion proteins 

can be used to remove the N-terminal thioredoxin leader. 
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The pBAD/TOPO ThioFusion Expression System® expression system was used to 
express and purify WNV envelope glycoprotein encoded by the DNA of Example 2 following 
the manufacturer's protocol. Specifically, the PCR product obtained as described above was 
added to a reaction containing the pBAD/Thio-TOPO™ vector (1 jil) and sterile water to a 
final volume of 5 (il. The reaction mix was incubated for five minutes at room temperature. 

One Shot™ E. coli cells (Invitrogen) were transformed with the TOPO™ cloning 

TM 

reaction products by mixing the TOPO cloning reaction with competent cells, incubating the 
mixture on ice for 30 minutes and then heat shocking the cells for 30 seconds at 42°C. 250(il 
of room temperature SOC medium was added to the cells followed by incubation at 37°C for 
30 minutes. 50|al of the transformation mixture was spread on a pre-warmed LB plate 
containing 50 \ig/m\ ampicillin and incubated overnight at 37°C. A clone was identified and 
the DNA was isolated by standard methods. DNA sequence analysis of cloned DNA was 
used to confirm that the thioredoxin-envelope glycoprotein fusion protein (TR-env; FIG. 4) 
coding sequence was correct. 

To analyze expression of the recombinant TR-env protein, E. coli containing the 
pBAD-TR-env expression vector was grown in cultures at 37°C with vigorous shaking to an 
OD 6 oo -0.5. Prior to protein expression, an aliquot was removed at the zero point and 
centrifuged at maximum speed. The supernatant was removed and the pellet was stored on 
ice. Protein expression was induced with arabinose at a final concentration of 0.02% followed 
by growth for an additional 4 hours. An aliquot of the arabinose-induced sample was 
centrifuged at maximum speed and the sample was placed on ice following removal of the 
supernatant. The uninduced and arabinose-induced cell pellets were resuspended in sample 
buffer, the samples were boiled for 5 minutes, analyzed by denaturing polyacrylamide (SDS- 
PAGE) gel and stained with Coomassie blue. The 71 kDa TR-env protein was the major 
protein found in the E. coli cells after arabinose induction. 

The induced E. coli cells were lysed by sonication, centrifuged, and the TR-env 
protein was purified from the soluble supernatant with ThioBond™ phenylarsinine oxide resin 
(Invitrogen) following the manufacturer's protocol. The TR-env protein was bound to this 
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affinity resin in a batch mode and then eluted with increasing concentrations of beta- 
mercaptoethanol. The fractions were run on a denaturing polyacrylamide (SDS-PAGE) gel 
and stained with Coomassie blue. The procedure yielded highly purified recombinant TR-env 
fusion protein (FIG. 5). 

In immunoblots, the TR-env protein was recognized by both anti-thioredoxin antibody 
(Invitrogen) and human sera from two individuals seropositive for antibodies to WNV. The 
purified TR-env fusion protein, thus, contained an epitope recognized by antibodies induced 
by a natural WNV infection. 

® 

Thioredoxin expressed from the pBAD/TOPO™ ThioFusion expression vector was 
used as a negative control protein. The 16 kDa thioredoxin protein was expressed in E. coli 

TM 

and purified using ProBond metal-chelating affinity resin as described for the TR-env 
protein. Purified thioredoxin was recognized in immunoblots only by anti-thioredoxin 
antibody (Invitrogen) and not by human sera from two individuals seropositive for antibodies 
to WNV. 

As an alternative method to express and purify the WNV envelope glycoprotein, a 
PCR product encoding the WNV E glycoprotein was engineered as a fusion protein with 
maltose binding protein (MBP). Nucleotides 1-1218 of the WNV E glycoprotein were 
amplified by PCR using the following primers which contain EcoRI and Pstl restriction sites 
to facilitate subcloning: 5'GAATTCTTCAACTGCCTTG GAATGAGC-3' (SEQ ID NO: 6) 
and 5'CTGCAGTTATTTGCCAATGCTGCTT CC-3' (SEQ ID NO: 7). The resulting PCR 
product was digested with EcoRI and Pstl and the resulting fragment was cloned into the 

TM 

pMAL -c2X vector (New England Biolabs, Beverly, MA), creating a recombination fusion to 
the E. coli malE gene which encodes the maltose-binding protein (MBP). 

E. coli DH5a transformed with the resulting plasmid was grown to a concentration of 
2xl0 8 cells/ml followed by the addition of isopropyl-D-thiogalactopyranoside (IPTG) to a 
final concentration of 0.3 mM. Following incubation of the culture for 2 hours at 37°C, the 
cells were harvested by centrifugation at 4,000 x g for 20 minutes. The cells were lysed by 
freezing overnight at -20°C and sonicating the cells for 10 minutes. The expression of a 
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soluble 82 kDa MBP-env fusion protein in E. coli was confirmed by SDS-PAGE analysis and 
Coomassie blue staining. The MBP-env fusion protein was purified using a maltose-affinity 
column according to the manufacturer's instructions. 3 mg of of MBP-env protein was 
obtained from 250 ml of cell culture. MBP was purified as a control according to the same 
protocol. 

The MBP-env fusion protein was used to analyze sera for the presence of antibodies to 
the WNV E glycoprotein. 2 \ig of MBP-env fusion protein or MBP (control) protein was 
boiled in SDS-PAGE sample buffer (BioRad) containing 2% (5-mercaptoethanol, and run on a 
10% SDS-PAGE gel. The glycoproteins were transferred to nitrocellulose membrane using a 
semi-dry electro transfer apparatus (Fisher Scientific). 

The nitrocellulose membrane was probed with sera from 5 patients with confirmed 
WNV infection and sera from uninfected individuals. The membrane was incubated with the 
sera (1:100 dilution) for 1 hour, then washed 3 times with Tris-buffered saline with Tween 20 
(TBST) and alkaline phosphatase-conjugated goat anti-human IgG (1:1,000 dilution; Sigma). 
The blots were developed with nitroblue tetrazolium and 5-bromo-4-chloro-3-indolyl 
phosphate (Kirkegaard & Perry Laboratories). 

The MBP-env fusion protein detected IgG antibodies to the E glycoprotein in western 

blots with sera from 5 humans with confirmed WNV infection, but not in the control human 

sera. In essentially identical experiments, the MBP-env fusion protein also detects IgM 

antibodies to the E glycoprotein in western blots with sera from 5 humans with confirmed 

WNV infection, and IgG and IgM antibodies with sera from 10 horses with confirmed WNV 

infection, but not in control human or horse sera. 

EXAMPLE 4. COUPLING OF RECOMBINANT 
WNV-E ANTIGEN TO POLYSTYRENE MICROSPHERES 

A two-step carbodiimide process, recommended by Luminex Corporation, Austin TX, 

was used to link 50 micrograms of purified recombinant WNV envelope glycoprotein antigen 

(WNV-E) to the surface of 6.25 X 106 microspheres. Activation was initiated with 50 

microliters of 50 mg/ml Sulfo-NHS followed by 50 microliters of 50 mg/ml EDC and a 20 

minute incubation at room temperature. Coupling of the recombinant antigen took place for 2 
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hours, in the dark, on a rotator at room temperature. Microspheres were washed by 
centrifugation, twice, in 1.0 ml PBS Azide blocking buffer, (PBN) composed of PBS, 1 BSA, 
0.02% NaN 3 . 

EXAMPLE 5. STABILITY OF WNV-E-COATED MICROSPHERES 

Microspheres coupled to recombinant WN E glycoprotein were held at 4°C, 25 °C, 37 
°C and 50 °C and tested at 1, 3, 5, and 7 days during the first week, then weekly thereafter for 
3 weeks. A plot of the MFI versus time at 25°, 37° , and 50°C is shown in FIG. 9. Thermal 
stability, as expressed by T90 (time to 90% potency of reagents), of this key reagent was 0.1 
days at 50 °C, 0.1 days at 37 C, and 1.5 days at 25 °C. A straight line is obtained when the 
T90 is plotted (as ordinate) on a semi log scale against the 1/T Kelvin (abscissa). This is a 
recommended calculation for accelerated thermal stability or shelf-life studies. Interpolation 
to the desired storage temperature, 4 °C, gives an estimated T90 of three months. 
Performance of this key reagent, the WNV-E coated microspheres, to within 10% of maximal 
reactivity is a realistic expectation for a robust clinical laboratory assay. 
EXAMPLE 6. WNV-E MICROSPHERE 

IMMUNOASSAY TO DETECT ANTIBODIES TO WEST NILE VIRUS 

A two-step suspension microsphere immunofluorescence assay was performed. 
Multiscreen 96-well filter plates with 1.2 |im Durapore filters (Millipore, Bedford, MA) and a 
Multiscreen vacuum manifold (Millipore) facilitated microsphere washing. Briefly, filter 
plate wells were blocked for 2 min with 100 (il PBN buffer, washed once with 150 (il PBS-T 
buffer (phosphate-buffered saline, pH 7.4, with 0.05% Tween 20 from Sigma Aldrich), and 
then wetted with 20 (il PBN. Diluted serum samples (50 diluted 1:100 in PBN unless 
otherwise noted) were added to test wells. IgG-depleted sera were diluted 10-fold during 
depletion, and were diluted an additional 10-fold in PBN for analysis in the rWNV-E MIA 
with polyvalent secondary antibody conjugate. IgM-depleted sera were similarly diluted in 
PBN to a final serum dilution of 1:100. Antigen-conjugated microspheres (2,500 in 50 |il 
PBN) were added to each well. The filter plates were incubated in darkness on a plate shaker 
for 30 min at 37°C, and then washed three times with PBS-T using the vacuum manifold. 
Diluted fluorochrome-labeled secondary antibody (50 |il of a 1 :250 dilution in PBN) was 
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added to each well. Unless otherwise noted, the secondary antibody was polyvalent goat F 
(ab')2 anti-human immunoglobulins (IgG+IgA+IgM) conjugated to red-phycoerythrin (R-PE) 
from Bio-Source International (Camarillo, CA). Alternative secondary antibodies were goat 
F(ab') 2 anti-human IgG R-PE conjugate and goat F(ab')2 anti-human IgM R-PE conjugate 
(Bio-Source International). After incubation for 30 min at 37°C in darkness with shaking, 
filter plates were washed twice with PBS-T using the vacuum manifold. Microspheres were 
then resuspended in 125 |il PBN per well. Seventy five microliter aliquots were transferred to 
opaque black EIA/RIA 96-well plates with breakaway strips (Costar, Corning, NY), and 
evaluated for microsphere fluorescence intensity using a Luminex 100 instrument (Luminex 
Corp.). This instrument is a dual laser flow analyzer. The first laser excites the flourochrome 
mixture intrinsic to the microspheres, enabling the bead identity to be determined as the bead 
passes single file through the laser path in the flow cell. The second laser excites the 
extrinisic flourochrome (red-phycoerythrin) that is covalently attached to the reporter 
antibodies (goat-anti human immunoglobulins). The dual lasers allow the operator to mix 
beads with different antigens together in a well of a filter plate, thus enabling multiplex 
analysis of different antibody specificities at one time. 

The instrument was calibrated with CL1/CL2 and RP1 calibration microspheres from 
Luminex Corp. according to the manufacturer's directions. The median fluorescence intensity 
(MFI) of fluorochrome-conjugated secondary antibody bound to individual microspheres was 
derived from flow analysis of 100 microspheres per well. Results for each assay were 
expressed both as MFI and as a patient/negative (P/N) MFI ratio, i.e., the MFI for the patient's 
specimen divided by the MFI obtained from a pool of 10 negative control sera. The negative 
control sera contained no detectable antibodies to WN virus in IgM-capture and IgG ELIS As. 
Serum MIA P/N values >4.0 were considered positive for antibodies to WN virus E protein. 

The rWNV-E MIA was performed on CSF as described for serum specimens, except 
that the CSF was tested at a 1:2 dilution, prepared by addition of 30 |Lil CSF to 30 |ul PBS. 
IgG-depleted CSFs, diluted 1:2 during the IgG removal procedure, were assayed without 
further dilution. CSF results were reported as MPT values. CSF with MFI values >426 were 
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EXAMPLE 7. DETERMINATION OF THE NORMAL RANGE 

OF DETECTION OF THE WNV-E MICROSPHERE IMMUNOASSAY 

Ten sera from cases of West Nile viral encephalitis, confirmed by plaque reduction 
neutralization tests with paired serum sets, and ten sera that were negative in both MAC 
ELISA and IgG ELIS A WNV antibody tests were examined to establish normal ranges of 
detection of the WNV-E microsphere assay using both positive and negative WNV samples. 

For each serum specimen, a Median Fluorescence Intensity (MFI) value was 
established by measuring immunoreactivity with the WNV-E antigen on 100 individual 
microspheres. The mean MFI value of microspheres for the ten negative sera was 247, with a 
standard deviation of 74.. The mean MFI of ten positive sera was 7625 with a range from 
2763 to 17188, corresponding to range of P/N ratios of 11.1 (2763/247) to 69.6 (17188/247). 
EXAMPLE 8. COVARIANCE ANALYSIS. 

Ten sera from West Nile encephalitis patients, in which infection with WNV was 
positively confirmed using MAC ELISA, IgG ELISA and plaque reduction nuetralization 
(PRN), were pooled ("ten positive sera"). A similar pool was made using ten human sera 
tested negative for WNV human subjects ("ten negative sera"). 

To determine the imprecision of the WNV-E microsphere immunoassay, ten aliquots 
of each pool were prepared and tested separately. Imprecision between measurements in the 
same assay (intra-assay measurements) of the aliquots of the positive pool yielded a 
covariance of 7%. Imprecision between measurements of the negative serum pool provided a 
covariance of 1 1 %. 

Further, the pools of ten positive and negative sera were analyzed over the course of 
several days to determine the imprecision between sets of measurements (inter-assay 
imprecision). The pool of positive sera provided an inter-assay covariance of 17%, whereas 
the pool of negative sera provided an inter-assay covariance of 32%. Results for 70 sera 
independently analyzed by two individuals showed that inter-operator correlation of 
measurements of 0.995 with a slope of 1.125. Overall, the data demonstrating that there is 
relatively low imprecision in carrying out the WNV-E microsphere immunoassay. 
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EXAMPLE 9. DETERMINATION OF THE 

SPECIFICITY OF THE WNV-E MICROSPHERE IMMUNOASSAY 

Sera from patients with various viral infections, bacterial infections, or autoimmune 
diseases were tested in the rWNV-E MIA. Twenty-four sera from presumed healthy subjects 
were also tested — four (17%) were borderline positive with P/N values < 4.9. Only sera from 
patients with syphilis had a high frequency of false-positive results (Fig. 35). Sera in the first 
syphilis panel were all treponemal antibody positive. In the second syphilis serum panel, sera 
were rapid plasma reagin (RPR) negative and less cross-reactive. Cross-reactive antibodies in 
syphilis patient sera were also detected by the WN virus IgG ELISA (data not shown). 
However, the syphilitic sera did not contain virus-specific neutralizing antibodies detectable in 
WN virus or SLE PRN tests (data not shown). A BLAST (1) computer search of the T 
pallidum genomic database (CM. Fraser et al.) failed to reveal possible cross-reactive 
epitopes. 

EXAMPLE 10. SEPARATE DETECTION OF ANTI-WNV-E 
GLYCOPROTEIN IgM OR IgG ANTIBODIES FOLLOWING 
IMMUNODEPLETION OF IsM OR IsG FROM A SERUM SPECIMEN 

Separate detection of IgM or IgG antibodies against the WNV E glycoprotein in 
selected sera was carried out using an immunodepletion step of the sera prior to the 
microsphere immunoassay. First, selected sera were tested for anti-WNV-E glycoprotein 
antibodies using the WNV-E microsphere immunoassay along with the polyvalent reporter 
antibody, which detects IgG, IgA and IgM. Second, the same sera were retested for either 
anti-WNV-E glycoprotein IgG or IgM antibodies using an immunodepletion step prior to the 
WNV-E microsphere immunoassay. Treatment with goat anti-human IgG or goat anti-human 
IgM resulted in the depletion of either IgG or IgM, respectively, from the human sera. 

To carry out the immunodepletion step for the removal of IgG, 5 microliters of human 
serum was treated with 45 microliters of goat anti-human IgG, (Gull SORB, from Meridian 
Diagnostics, Cincinnati, OH). According to the manufacturer, this protocol is sufficient to 
deplete IgG at concentrations up to 15 mg/ml, the upper limit of normal human IgG 
concentration. This 1:10 serum dilution was mixed and centrifuged at 13,000 rpm in an 
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Eppendorf centrifuge with a rotor radius of 7.5 cm. The supernatant is used for making the 
further 1:100 sample solution for reanalysis in the microsphere-based immunoassay. Negative 
IgG ELIS A, and negative IFA tests using slides from Focus Technologies demonstrated that 
the Gull SORB pretreatment efficiently removes detectable IgG antibodies to WNV. Any 
remaining fluorescence activity after IgG depletion would represent the relative amount of 
IgM antibodies that recognize WNV E glycoprotein. Further, given that IgM antibodies 
typically do not persist for long periods of time, but are the first antibodies to respond to an 
antigen, any fluorescence following IgG depletion would indicate a current or recent infection. 

To carry out IgM immunodepletion, 10 microliters of serum was treated with 10 
microliters of goat anti-human Mu chain (anti-human IgM), at a concentration of 2.5 mg/ml. 
Twenty microliters of PBS was added to the treated serum prior to centrifugation at 13,000 
rpm in an Eppendorf centrifuge as above. The supernatant was used to make a further dilution 
to 1:100, which was then tested in the WNV-E microsphere immunoassay with the polyvalent 
conjugate. The remaining fluorescence activity after IgM depletion represented the relative 
amount of IgG antibodies that recognize WNV E glycoprotein. 

IgA antibodies may also be present, but their role in detection of flavivirus infection is 

not well documented in the literature, nor frequently considered. 

EXAMPLE 11. COMPARISON BETWEEN 
WNV-E MICROSPHERE IMMUNOASSAY 
AND ELISA METHODS FOLLOWING AN 

IMMUNODEPLETIONSTEP TO DETECT ACUTE CASES OF WNV 

It was desirable to detect the presence of IgM antibody to detect acute cases of WNV 

infection. The WNV-E microsphere immunoassay provided strong positive MFI values for 

many patients' first serum specimens, indicating that the polyvalent assay detected IgM as 

well as IgG antibodies to WNV. 

Five sequential sera from a WNV encephalitis patient were treated with anti-human 

IgG (Gull SORB) at a concentration designed to deplete all IgG reactivity. These treated sera 

were then tested again in the polyvalent WNV-E immunoassay. 

The five sequential sera were also treated with anti human Mu chain (anti IgM) at a 
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concentration calculated to deplete all IgM reactivity and then reanalyzed with the polyvalent 
WNV-E immunoassay. 

The anti-IgG and anti-IgM treated sera were also analyzed in a WNV-E immunoassay 
using an anti-IgM R-PE fluorescent conjugate to detect IgM antibodies. Results of this 
experiment are presented in FIG. 12, along with P/N values from the MAC ELISA and the 
IgG ELISA. 

The results showed that the Gull SORB treatment (removal of IgG) increased the P/N 
correlation coefficient with IgM ELISA assay from 0.75 to 0.93. Anti-IgM treatment 
increased the P/N correlation coefficient with the IgG ELISA assay from 0.92 to 0.99, with 
approximately five-fold higher P/N ratios observed with the microsphere immunoassay. Note 
that by the traditional assays, the third serum at 18 days post onset had the maximal IgM 
reactivity and the fourth sample at 72 days post onset had the maximal IgG reactivity. 

Conclusions from WNV-E microsphere immunoassays on the different sera are 
comparable. The fourth serum specimen had the peak antibody reactivity as measured by 
MFI. Removal of IgG allowed once again the identification of the third serum as having peak 
IgM reactivity both with the polyvalent conjugate and with the anti-IgM conjugate. Removal 
of IgM allowed identification of the fourth serum as having the most IgG. 

Overall, the results showed that the WNV-E microsphere immunoassay, unlike the 
MAC and IgG ELIS As, provided an IgM (IgG depleted) P/N ratio that was greater than the 
P/N ratio of the IgG (IgM depleted) sample for the early bleeds. This relationship may be an 
indicator of an active or recent infection. The use of the anti-IgM R-PE conjugate on the anti- 
IgM treated sera demonstrated that the IgM was effectively depleted to a level in the negative 
range (P/N <4.0) according to our established assay conditions. 

EXAMPLE 12. COMPARISON OF THE 

WNV-E MICROSPHERE IMMUNOASSAY TO 

STANDARD EL1SAS BY RETROSPECTIVE PARALLEL TESTING 

Archived sera at the New York State Department of Health provided an opportunity to 

parallel test a larger panel of sera submitted for suspected viral encephalitis. The objective of 

this study was to determine whether a cut-off P/N value of 4.0 would provide test results 
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concordant with the MAC ELISA and IgG ELISA previously used to screen the sera for 
antibodies to WNV. 

FIGS. 1 1 A and 1 IB provide scatter plots with polyvalent WNV-E microsphere 
immunoassay P/N vs. IgG ELISA P/N and/or MAC-ELISA P/N with trendline. 

Out of 107 total sera tested, 20 West Nile reactive sera, identified previously by the 

MAC ELISA and or the IgG ELISA, were also correctly identified by the WNV-E 

microsphere immunoassay. Seven sera of 107 tested were just above the cut-off on the WNV- 

E microsphere immunoassay, whereas they were non-reactive in both of the traditional ELISA 

assays. Since these seven sera were non-reactive in the ELISAs, no follow up sera were 

provided to allow us to definitively rule out infection. The mean of the MFI for the 20 positive 

sera by traditional assays was 7804 (range 1084-21038). The mean of the 

borderline/equivocal samples was 1333 (range 1084-21 18). The mean of the 53 sera that 

tested negative was 349 (range 49-607). 

EXAMPLE 13. DETECTION OF ANTIBODIES 

TO JAPANESE ENCEPHALITIS VACCINE 

USING THE WNV-E MICROSPHERE IMMUNOASSAY 

Retrospective testing of the serum bank of the Wadsworth Center for flavivirus- 
reactive antibodies, demonstrated that the WNV-E microsphere immunoassay could detect 
antibodies to three flaviviruses in the Japanese encephalitis serogroup. 

Twenty four human sera were received from the Arbovirus Research Laboratory of the 
Wadsworth Center, with all identifiers as to identity of the recipients of the Japanese 
Encephalitis (JEV) vaccine status or time of vaccination. This blinded serum panel consisted 
of twelve post-vaccine specimens (collected in June, 2002) and eight pre-vaccine sera 
(collected in April, 2001) from eight of the twelve vaccine recipients (the pre-bleed sera of 
these employees was not found in the freezer archives.) A further four serum samples were 
from new employees who had not received the vaccine, and who lacked an exposure history to 
WNV from dead birds or mosquitoes. These sera were tested by the microsphere 
immunoassay employing the polyvalent R-PE anti-human immunoglobulins conjugate. After 
testing the blinded specimens, the pre-vaccine specimens were matched with the post-vaccine 
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specimens, and plaque reduction neutralization titers for the post-vaccine sera were obtained. 

Results on the polyvalent WNV-E microsphere immunoassay are given in FIGS. 13 A 
and 13B. Note that where pre and post samples were available, 6 of 8 employees made a large 
increase in detectable antibodies. 

Since neutralizing protective antibodies are primarily IgG class, we treated all 24 sera 
with anti-IgM at a concentration calculated to provide an optimal proportion to deplete all 
IgM. We repeated the assay with the polyvalent red-phycoerythrin anti human 
immunoglobulin conjugate on the IgM-depleted sera. As expected, Figure 14B demonstrates 
that the MFI were lower than in the untreated samples, yet clearly were positive in all but two 
vaccine recipients. The two vaccine recipients with negative post-vaccine MFI levels were the 
two employees who lacked a detectable neutralizing antibody response by plaque reduction 
neutralization testing. 

The results demonstrated that the WNV-E microsphere immunoassay could detect 

antibodies to three flaviviruses in the Japanese encephalitis serogroup. 

EXAMPLE 14. DETECTION OF WNV ANTIBODY FROM 
SERUM AND SPINAL FLUID SAMPLES FROM PATIENTS WITH 
ACUTE VIRAL ENCEPHALITIS USING WNV-E MICROSPHERE 
IMMUNOASSAY AS COMPARED TO RESULTS FROM MAC ELISA 

Seven pairs of serum along with same-day collected spinal fluid specimens from seven 
patients were tested using the recombinant WNV-E microsphere immunoassay using both the 
polyvalent antibody reagent and the "IgM" serum (anti-IgG treated serum). The seven 
patients were chosen on the basis of having been tested positive for WNV by either an IgM 
and/or an IgG ELISA using the reagents and protocol recommended by the CDC. The data 
are presented in FIG. 17. 

The results showed that both patients with confirmed WNV infection by PRN testing, 
had high levels of detectable antibody in spinal fluid, as detected by the WNV-E microsphere 
immunoassay. Further, 5 patients who were shown to test negative for a WNV infection by 
MAC ELISA were shown to be strongly positive by the WNV-E assay. 

The data from the paired serum and spinal fluid testing demonstrated the high 
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sensitivity of the WNV-E assay since the P/N values of the WNV-E microsphere 

immunoassay are significantly greater than the P/N values of the MAC ELISA. The data 

further showed that WNV-E microsphere immunoassay is superior to the MAC ELISA since 

the WNV-E assay was able to detect a WNV infection in 5 patients who were shown not to 

have an infection by the MAC ELISA. 

EXAMPLE 15. EXPRESSION AND PURIFICATION 
OF NTPase/HELICASE DOMAIN OF NS3 AND NS5 

WNV nonstructural proteins NS3 and NS5 were tested as targets to develop a novel 
serologic assay for WNV diagnosis. NS3 and NS5 are key enzymes in flavivirus RNA 
replication. NS3 functions as a serine protease (in the presence of cofactor NS2b), 5'-RNA 
triphosphatase, NTPase, and helicase; NS5 functions as a methyltransferase and RNA- 
dependent RNA polymerase (RdRp). Since the NS proteins are primarily involved in 
flavivirus replication, the immunogenic features of the NS proteins during WNV infection 
would be different from those of viral structural proteins. These unique features could be 
exploited to improve the current structural protein-based serologic assay. 

The NTPase/helicase domain (amino acids 182 to 619) of NS3 (see Fig. 23B) and full- 
length NS5 (see Fig. 23C) of WNV were expressed and purified using an E. coli expression 
system as follows. The NTPase/helicase domain of NS3 (amino acids 182 to 619) and full- 
length NS5 were cloned into the pET-21a and pET-28a vectors, respectively, and expressed in 
E. coli BL21 cells upon induction with isopropyl-p-D-thiogalactopyranoside (IPTG) at 30°C 
for 3 to 4 h. The recombinant NS5 and NS3 NTPase/helicase domain contained a His 6 tag at 
the N-terminus and C-terminus, respectively, and were purified through a nickel column 
(Novagen, Madison, WI). The NTPase assay was performed as previously described (Cui, T. 
et al.). The RdRp activity of NS5 was assayed using a WNV subgenomic RNA transcript 
containing a large deletion from nucleotide 269 to 10408. The reactions were labeled with [a- 
32 P]UTP and analyzed on a 4% denaturing polyacrylamide gel followed by autoradiography 
(Ackermann, M. et al.). 

The recombinant proteins were enzymatically active: the NS3 protein exhibited an 
NTPase activity in hydrolyzing ATP to ADP and phosphate (Fig. 23D); and the NS5 protein 
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retained the RdRp activity, using WNV RNA as a temple to synthesize both double-stranded 
RNA (a replicative 2X form) and single-stranded RNA (IX form) (Fig. 23E). The enzymatic 
activities of WNV NS3 and NS5 are comparable to those of DNEV NS3 and NS5. The 
enzymatic activies indicate retention of native conformation by the recombinant NS3 and 
NS5. 

EXAMPLE 16. MICROSPHERE 

IMMUNOASSAY (MIA) TO TEST NS5 IN SEROLOGIC ASSAY 

A microsphere immunoassay (MIA) was selected to establish the NS3- and NS5- 
based serologic assays to detect antibodies induced by WNV infection. Recombinant NS3 or 
NS5 was covalently linked to microsphere beads, and then reacted with patient serum 
followed by anti-human immunoglobulins with a fluorescent conjugate. The levels of reactive 
antibodies from the sera were quantified by a flow analyzer. Initially, 20 human sera from 
healthy individuals were used to establish cutoff levels for the assay. The mean median 
fluorescence intensity (MFI) for NS3 was 909 [standard deviation ("SD") 351], with an assay 
cut-off (X+3SD) of 1962; the mean MFI for NS5 was 1810 (SD 852), with an assay cut-off 
(X+3SD) of 4366. Analyses of five positive WNV sera, which had been previously confirmed 
by a subviral particle-based immunoassay (Davis, B. et al.) and PRNT, revealed that the NS5 
MIA had an assay dynamic range of 32, from 100- to 3200-fold serum dilutions. The NS3- 
based MIA did not exhibit consistent signals above the background level with these sera (see 
below). 

EXAMPLE 17. NS5-BASED MIA RELIABLY DETECTS WNV INFECTION AND MAY 
INDICATE RECENT INFECTION 

A total of 61 sera from WNV patients with clinical symptoms and confirmation by 
PRNT were tested using to NS5- and NS3-based MIA, along with the recombinant E protein- 
based MIA for comparison (S.J.Wong et al., J Clin Mircobiol., 2003, 41:2127-2223). The plot 
of MFI versus days post symptom onset (Fig. 24 A) shows that the NS5-reactive signals 
appeared on day 6; the MFI of 35 of 38 (92%) sera collected from day 7 to day 77 were 
positive; and the MFI dropped to a negative level for two sera collected on day 259 and day 
431. The reactive pattern derived from the NS5-based assay correlated well with that from the 
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E-based assay, except that, in the latter assay, reactive signals appeared around day 2 to day 6, 
and the MFI remained positive throughout the later time points, including day 259 and day 
431 (compare Fig. 24A with 24C). On the other hand, the NS3 MIA did not exhibit consistent 
signals above the background level, with less than half of the sera showing positive MFI (Fig. 
24B); it therefore was not further analyzed. These results demonstrate that the NS5-based 
MIA is a sensitive assay for detection of human WNV infection. 
EXAMPLE 18. PERSIST AN CE OF ANTI-E AND ANTI-NS5 ANTIBODIES 

To examine the persisitance of antibody against WNV E glycoprotein and NS5 antigen 
upon WNV infection, we examined a series of sera collected from a single patient at various 
time points post-infection (Fig. 24D). Positive MFI signals were detected on day 17 post 
symptom onset in both E and NS5 MIA. Signals from the E-based MIA remained positive for 
sera collected on days 71, 259, and 431 post-symptom onset (indicated by dashed lines in Fig. 
24D). In contrast, signals from the NS5-based MIA were positive for sera collected on day 17 
and 71 post-symptom onset, however, the MFI declined to a negative range on day 259 and 
431 post-symptom onset (indicated by solid lines in Fig. 24D). These results suggest that a 
positive NS5-based MDF indicates current or recent infection. 

The NS5 MIA can likely be used to indicate the timing of WNV infection. Time- 
course analysis of WNV patient sera showed that, after serum conversion at approximately 
day 6 post symptom onset, the anti-E antibody signal remained highly positive up to 43 1 days 
post symptom onset (Figs. 24C and 24D), while antibodies against NS5 diminished to a 
negative level between 71 and 259 days post symptom onset (Figs. 24A and 24D). More 
clinical samples at late time points post-infection are required to confirm this conclusion. 
Although not wishing to be bound by theory, since NS5 protein is only present during viral 
replication and associates with the replication complex located at the cytoplasmic side of the 
endoplasmic reticulum, NS5 may be more accessible to protein degradation, resulting in a 
shorter half-life in cells than the membrane-spanning E protein. It is also possible that 
antibodies generated in response to NS5 are of shorter duration than the anti-E antibodies. 

EXAMPLE 19. SPECIFICITY OF NS5-BASED MIA: 
D1FFERENTION OF WNV FROM OTHER NONFLAVIVIRUS 
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INFECTIONS OR DISEASES AND FROM FLAVIVIRUS VACCINATION 

The specificity of the NS5-based MIA was demonstrated by challenging 120 sera from 

patients with various infections, autoimmune conditions, JEV vaccination, YFV vaccination, 

or good health (Fig. 25). Only one patient with HIV infection showed an MFI (7,517) above 

the cut-off level of the NS5 MIA (4,366). It should be noted in particular that none of the sera 

from the JEV vaccine recipients reacted with the WNV NS5 antigen; only 1 of 19 (5%) YFV 

vaccine recipients exhibited a positive MFI singal. By contrast, all 10 (100%) JEV- vaccinated 

sera and 10 of the 19 (53%) YFV-vaccinated sera showed positive MFIs in the E-protein- 

based MIA. These results demonstrate that the NS5-based assay can be used to differentiate 

between WNV infection and vaccinations with either an inactivated (JEV) or a live attenuated 

(YFV) flavivirus. flavivirus 

EXAMPLE 20. CROSS-REACTIVITY OF 

WNV NS5 AND E WITH DENV OR SLEV INFECTIONS 

The cross-reactivity of WNV NS5 and E with DENV infection was tested with 17 

pairs of acute and convalescent sera from DENV-infected individuals (Fig. 26). The DENV 

patient sera reacted with WNV E protein. The MFI signal and the titer of the E MIA 

correlated well with the hemaglutination inhibition (HI) titer of the sera. Twenty-four of the 

34 (71%) DENV sera tested positive in the E-based MIA; 8 samples with negative E MIA 

results were either HI negative or showed low HI titer. For the NS5-based MIA, only 3 of the 

34 (9%) DENV sera were marginally positive (samples 3A, 4B, and 1 1 A), with MFI values 

very close to the cut-off value. Next, we examined the potential cross-reactivity of WNV NS5 

and E with SLEV patient sera. Among the 20 pairs of SLEV sera that had been previously 

confirmed by plaque reduction neutralization tests, only 2 (5%) sera were MFI positive 

(samples 3A and 3B) in the WNV NS5-based assay, while 1 1 of the 40 (27.5%) SLEV sera 

were positive in the E-based assay (Fig. 27). These results suggest that, compared with the E 

protein-based MIA, the NS5-based MIA exhibits substantially improved discrimination 

between DENV/SLEV and WNV infections. 

EXAMPLE 21. THREE ADVANTAGES FOR NS5 

IMMUNOASSAYS AS COMPARED TO WNV E IMMUNOASSAYS FLAVIVIRUS 



109 

, . 00155269.DOC 



4543 11-2232 .1 
PATENT 



flavivirusTo improve the specificity of the diagnosis of a flavivirus infection using the 
WNV E glycoprotein, the RNA replication NS proteins were tested as an alternative to the 
WNV E glycoprotein for serologic diagnosis of WNV infection. The active NTPase/helicase 
domain of NS3 and full-length NS5 were expressed and purified. The NS5 protein-although 
not the NS3 NTPase/helicase domain-reacted consistently with WNV patient sera. Contrary 
to the WNV E glycoprotein, the NS5 when used in the immunoassays (MIA) of the present 
invention can provide the following three advantages. 

First, unlike the WNV E-based MIA, the NS5-based MIA reliably discriminates 
between WNV infection and DENV (Fig. 27) or SLEV infections (Fig. 26) only 3 of the 34 
DENV sera and 2 of the 40 SLEV sera showed weak NS5 MFI signals. On the other hand, 
WNV E protein cross-reacts with both DENV (26 out of the 34) and SLEV (1 1 out of 40) 
patient sera. These results appear to be consistent with a previous report suggesting that NS 
antigens can be viral type specific, whereas structural antigens can be cross-reactive among 
flaviviruses (Qureshi, A.A. et al.). However, the ordinary skilled person in the art would 
certainly appreciate that one could not reasonably know or predict the specificity of the WNV 
NS5 to anti-WNV sera, indeed as shown by the present inventors, without providing proof 
thereof by way of appropriate and necessary experimentation. flavivirus 

There are likely at least two reasons why the NS5-based immunoassay shows greater 
specificity for WNV detection than WNV E-based immunoassays. First, notwithstanding that 
the amino acid sequence homology of NS5 between WNV and DENV (75%) or SLEV (47% 
%) could be as high as that of E protein between WNV and DENV (62%) or SLEV (78% %), 
epitopes (either structure or sequence) presented by WNV E could be more conserved among 
the flaviviruses than those in the NS5, resulting in greater cross-reactivity in the WNV E- 
based assay. Alternatively, the specificity of the WNV NS5-based assay could have been a 
consequence of a failure an NS5 immune response during DENV and SLEV infections. This 
is unlikely because partially purified NS proteins of DENV, SLEV, or WNV were 
demonstrated to be reactive with only homologous sera, but not with heterologous sera, 
indicating the production of antibodies against the NS proteins during infections (Qureshi, 
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A.A. et al.). Nevertheless, the specificity of the NS5-based assay may eliminate the need for 
plaque reduction neutralization tests, and therefore the requirement of Level 3 
Biocontainment, to discriminate among infecting flaviviruses. Quick and accurate 
differentiation between WNV and DENV/SLEV infections will be important in diagnosing 
specimens where WNV co-circulates with DEN and/or SLEV viruses. 

Second, the NS5 MIA differentiates between vaccination with inactivated flavivirus 
and natural WNV infection. None of the JE-vaccinated sera reacted with the WNV NS5. 
This feature was expected, because only replicative viruses produce NS proteins, while 
inactivated JE vaccines could not replicate and produce NS proteins. Distinguishing between 
vaccination and natural viral infection is important for WNV diagnosis in geographic regions 
where inactivated JE vaccination is performed, or in vaccinated military personnel or 
travelers. For the same reason, the NS5 MIA will be useful for testing whether horses 
previously vaccinated with inactivated WNV (Davis, B. et. al., Monath, T.) have encountered 
a new round of WNV infection. 

Third, the NS5 MIA could potentially be used to indicate the timing of WNV 
infection. Time-course analysis of WNV patient sera showed that, after serum conversion at 
approximately day 6 post symptom onset, the anti-E antibody signal remained highly positive 
up to 431 days post symptom onset (Figs. 24C and 24D), while antibodies against NS5 
diminished to a negative level between 71 and 259 days post symptom onset (Figs. 24A and 
24D). 

Overall, the unique features of the NS5-based immunoassay will be very useful for 

both clinical and veterinary diagnosis of WNV infection. The MIA assay format used in this 

study is highly sensitive (flow-cytometry based), has a rapid turnaround time (3 to 4 h for 

testing 96 specimens), and is cost-effective (approximately 50 tests per microgram of 

recombinant protein). More importantly, the MIA format allows the performance of multiplex 

assays to detect antibodies against E and NS5 proteins in a single tube, allowing simultaneous 

primary and confirmatory diagnosis. 

EXAMPLE 22. ANIMAL STUDIES SHOW THAT 

ANTIBODY LEVELS TO NS PROTEIN DECLINE OVER TIMEWHILE 
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ANTIBODIES TO STRUCTURAL PROTEINS INCREASE OVER TIME 

Animal model studies of WN V infection have added proof of the concept that 

antibody levels to nonstructural proteins decline while antibodies to structural proteins are 

increasing. In an experimental mouse model of infection where sequentially timed serum 

samples were drawn at 5, 10 and 28 days post infection, total antibodies to the WNV E, a 

structural protein, were still increasing at day 28 whereas the total of antibodies to the NS5 

protein was decreasing. In a similar manner, IgM antibodies to WNV E were still increasing 

in the day 28 sample, whereas the IgM antibodies to NS5 were lower at 28 days than in the 

day 10 sample. Thus, NS5 appears to be a useful antigen to screen for WNV infections at an 

early and/or acute stage. 

EXAMPLE 23. AVIAN RESPONSE TO 
FLAVIVIRUS INFECTION IS STRAIN SPECIFIC 

An evaluation of West Nile antibodies in wild birds of various orders and species, has 

demonstrated that some birds made much higher antibody responses to NS5 than to WNV E 

protein. For surveillance activities, a bird that has antibodies to NS5 must have been infected 

in the recent past, where as a bird that only has antibodies to WNV E only has evidence of 

infection in the remote past. Wild birds (house finches and morning doves) with SLEV 

infection made low to moderate antibody responses to WNV E, whereas they made no 

response to WNV NS5. This indicates that the avian response to flavivirus infections is strain 

specific, as we have have demonstrated in humans. Antibodies to WNV NS5 indicate recent 

infection with West Nile virus, whereas antibodies to WNV envelope protein indicate 

infection at some time with one of many flaviviruses. 

EXAMPLE 24. HIGH ANTIBODY RESPONSE 
TO NS5 IN NATURALLY INFECTED HORSES 

An evaluation of West Nile antibodies in naturally infected horses demonstrated high 

antibody responses to NS5, often greater than to Envelope protein. Antibodies generated by 

the Ft. Dodge inactivated West Nile vaccines were only to the Envelope protein. Horses with 

no infection and no vaccination were negative to Envelope and to NS5. Therefore, a high 

antibody level to NS5 in a vaccinated horse means active, recent infection. The duration of 
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protective antibodies from the vaccine is short, and antibodies drop off within two months of 
the last dose of vaccine. 

EXAMPLE 25. HIGH LEVELS OF NS5 ANTIBODIES EVEN IN THE 
ABSENCE OF HIGH I2M TO WNV MA Y INDICATE RECENT WNV INFECTION 

A serosurvey of 871 solid organ transplant recipients has identified about 85 persons 

with antibodies to Envelope protein. Only 5 of these persons have IgM to WNV E protein, 

indicating current WNV infection. Ten of the 85 persons have high levels of antibodies to 

NS5. Studies are currently underway to demonstrate that these patients have evidence of 

recent WNV infection despite the lack of IgM to WNV. 

EXAMPLE 26. ENZYME-LINKED 

IMMUNOSORBENT ASSAY (ELISA) USING WNV NS5 OR E ANTIGENS 

The NS5 protein can be used to detect human antibodies specific for NS5 from blood. 
More in particular, the NS5 protein can be used in connection with an ELISA to detect NS5- 
specific antibodies. Positive detection of NS5-specific antibodies would indicate a more 
recent WNV infection since the antibodies to NS5 show limited persistence in the blood; thus 
anti-NS5 antibodies are more likely to be present at higher titers early during infection (see 
Example 18). The WNV E glycoprotein, oweing to the fact that it shows consistent, reliable, 
and predictable cross-reactivity against antibodies to other flavivirus, in particular JEV, 
SLEV, and DENV, can be used in an ELISA to detect a flavivirus infection. 

Although any known ELISA format is contemplated by the present invention, one 
standard ELISA assay format assay, the "three layer sandwich", can be used. In this format, 
NS5 or WNV antigen are passively adsorbed to polycarbonate microtiter plates. The 
remaining reactive sites on the plate are then blocked with a solution of serum protein, serum 
albumin, non-fat dry milk, gelatin, or detergent (e.g. Tween, Triton X-100, SDS). The antigen 
coated plates are then incubated with a dilution of a patient's serum. If the patient was 
infected with WNV, anti-WNV E or anti-WNV NS5 antibodies bind to the WNV E or NS5, 
respectively, on the plate. Following several washes, the plate is incubated with goat-anti- 
human antibody conjugated to an enzyme such as alkaline phosphatase or horse radish 
peroxidase. Following several washes, the plate is developed with a chromogen (substrate for 
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the enzyme). The color development is read on a microtiter plate spectrophotometer. The 
deepness of the color is proportional to the amount of human antibody to NS5 in the sample 
applied to the plate. 

Another ELIS A format contemplated by the instant invention is the IgM antibody 
capture ELISA. In this assay, Goat anti-human IgM is used to coat the microtiter plates. 
After blocking reagents are added, such as solutions of serum protein, serum albumin, non-fat 
dry milk, gelatin, or detergent (e.g. Tween, Triton X-100, SDS), a dilution of human serum is 
added to the wells in the plate. The goat-anti human IgM captures the patient's IgM. 
Subsequently, WNV E or NS5 antigen would be added to the wells. After an incubation 
period, the unbound antigen is washed away. Next, biotinylated monoclonal antibody to 
WNV NS5 or E is added to wells. Following an incubation period, the unbound monoclonal 
antibody is washed away. Streptavidin linked to a detector enzyme is then added to the wells 
of the plates. Following washing steps, the unbound Streptavidin conjugate is washed away. 
The assay is developed with a chromogen and read on a microtiter plate spectrophotometer. 
The amount of color developed is proportional to the amount of IgM the patient had to West 
Nile NS5. 

The WNV NS5-based and E-based ELIS As can be run separately or in parallel. It will 
be appreciated that a positive result in the E-based assay is indicative of a flavivirus infection, 
including for example detection of WNV, SLEV, DENV, or JEV. It will be further 
appreciated by one of ordinary skill in the art that the teachings of the present invention 
demonstrate by experiment that substantially purified WNV E glycoportein antigen having a 
substantially authentic conformation is reliably, consistently, predictably, and strongly cross- 
reactive to antibodies against any of WNV, JEV, SLEV, and DENV, and is therefore useful to 
broadly assay or test for flavivirus infection. A positive result based on the NS5 ELISA 
indicates with specificity a WNV infection, in particular a recent infection. 

It is again to be appreciated by one of ordinary skill in the art that any ELISA format 
currently used to detect WNV antibodies in serum or spinal fluid or other biological samples, 
can easily be adapted to detect antibodies to the NS5 or E antigens therein. The information 
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obtained with the NS5 assays is more useful for identifying recent WNV, since the antibody 
response to NS5 is of shorter duration that the antibody response to the E glycoprotein. 
Further, information obtained with the E glycoprotein is more useful for identifying a general 
flavivirus infection, in particular, a recent or non-recent infection or flavivirus vaccination 
with WNV, JEV, SLEV, or DENV. 

EXAMPLE 27. MICROSPHERE IMMUNOFLUORESCENCE ASSAY PARAMETERS 
Recombinant WN virus envelope protein (rWNV-E) conjugated to fluorescent 
microspheres provided the basis for a novel immunoassay to detect antibodies induced by 
flavivirus infection. The MIA quantitatively measures anti-E protein antibodies binding over 
a broad range of antibody concentrations (Fig. 31). A standardized, 2.5 h MIA procedure was 
developed to detect antibodies to WN virus E protein in <30 (il of human serum or CSF, 
diluted 1:100 and 1:2 respectively. Performance of the suspension assay at 37°C with 
continual shaking enhanced assay kinetics. Antigen-conjugated microspheres exhibited long- 
term stability when stored at 4°C. Conjugated microspheres were held at 4°C, 25°C, 37°C, or 
50°C. Reactivities of the rWNV-E microspheres with a positive control serum were tested at 
several intervals during a 35-day storage period. Thermal stability of this key assay component 
(expressed as time to 90% potency), was observed to be < one day at 37°C and 50°C, 3.1 days 
at 25°C, and >35 days at 4°C The immunoreactivity of antigen-conjugated microspheres is 
stable for > 4 months when used in serial MIAs (data not shown). 

MIA ranges for positive and negative control sera were established by evaluation of 20 
human sera. Ten negative control sera had no detectable virus-specific antibodies in WN 
virus IgM-capture and IgG ELISAs. The mean microsphere MFI for these sera was 247 ± 74, 
establishing MFI >988 (P/N >4.0) as a cutoff for a positive result. The 10 sera from WN viral 
encephalitis patients all tested positive for antibodies to WN virus E protein. The mean MFI 
for the patient sera was 7,626 ± 4,312 (P < 0.001; range 2,763 to 17,188) corresponding to a 
mean P/N ratio of 30.8 ± 17.4 (range 1 1.2 to 69.4). MIA results from repeated experiments 
were compared to determine inter-operator reproducibility. For intra-assay imprecision 
studies, 10 aliquots of a WN virus encephalitis patient serum pool and 10 aliquots of a 
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negative control serum pool were tested separately in the rWNV-E MIA. Intra-assay 
imprecision of the positive pool provided a coefficient of variation (CV) of 7%. Intra-assay 
imprecision of the negative serum pool provided a CV of 11%. These same negative and 
positive serum pools were analyzed on several days for estimates of inter-assay imprecision. 
The inter-assay CVs for the positive serum and negative serum pools were 17% and 32%, 
respectively. MIA results for 91 positive and negative sera independently analyzed by two 
individuals demonstrated inter-operator assay reproducibility (kappa = 0.85; P/N r 2 = 0.99; 
slopes 1.12). 

EXAMPLE 28. ANTI-E PROTEIN-BASED MICROSPHERE 

IMMUNOASSAY (MIA) DETECTS ANTIBODIES TO RELATED FLAVIVIRUSES 

Testing of a coded serum panel revealed that the rWNV-E MIA detects human 
antibodies elicited by SLEV and DENV (Fig. 34). The serum panel, provided by CDC 
Arbovirus Diseases Branch, included sera from patients infected with WNV, SLEV or DENV. 
Ten of 19 sera in the panel were positive in the rWNV-E MIA (mean P/N 25.75 ± 20.26; 
range, 4.28 to 55.23) using P/N >4.0 as a MIA positive cut-off value. Decoding of the serum 
panel revealed that the rWNV-E MIA detected 10 of 12 sera from flavivirus-infected 
individuals (kappa = 0.79). All six sera from WNV encephalitis or DENV fever patients (Fig. 
34) were positive. The MIA also identified four sera from patients infected with SLEV (Fig. 
34). Two sera from patients infected with SLEV were negative in the rWNV-E MIA. These 
two sera were obtained within one day after disease onset, when significant anti-SLEV 
antibody titers may not be present. The MIA produced no false positive results with seven 
sera negative for neutralizing flavivirus antibodies in PRN assays (Fig. 34). One negative 
control specimen consistently tested false positive in IgM-capture ELIS As. Comparison of 
WNV ELIS A results for negative control sera and sera containing anti-WNV antibodies (Fig. 
34) indicated inter-laboratory agreement for IgG ELIS A (kappa = 1.00; P/N r 2 = 0.98) and 
IgM-capture ELIS A (kappa = 0.80; P/N r = 0.94) results. 

The rWNV-E MIA detects antibodies elicited by JE-VAX™, the licensed JE virus 
vaccine. Sera from eight individuals with occupational exposure to flaviviruses were 
collected before and after vaccination with JE-VAX™. Mean polyvalent rWNV-E MIA 
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values were 4.2 ± 4.5 for pre-vaccination sera, and 13.3 ± 12.7 for post-vaccination sera (P < 
0.05). The vaccination induced JEV neutralizing antibodies in six vaccinees that were 
detectable in JEV PRN tests. 

EXAMPLE 29. MICROSPHERE IMMUNOASSA Y (MIA ) 
ASSESSMENT OF THE HUMORAL RESPONSE TO WNV INFECTION 

Several WN virus antibody detection methods were compared using serial serum 

samples from a patient with WN virus infection (Fig. 32). The polyvalent MIA, which detects 

both IgM and IgG (Panel A) and the ELISAs (Panel B) were first used to evaluate the 

specimens. The MIA procedure was then modified to measure IgM antibodies to WN virus E 

protein. Sera were depleted of IgG with goat anti-human IgG, and analyzed with polyvalent 

R-PE-conjugated detector antibody or with IgM-specific conjugate. These two detection 

systems yielded equivalent P/N results (Fig. 32, PanelA; r 2 = 0.998; slope =1.14) that 

correlated with P/N values obtained with the IgM-capture ELISA (r 2 = 0.85). Each method 

detected maximal IgM reactivity in the serum specimen obtained 18 days post disease-onset. 

IgG antibodies to WN virus E protein in the serial serum samples were also evaluated 

by MIA (Fig. 32, Panel A). Removal of IgM with anti-human IgM enhanced the correlation 

between the MIA and IgG ELISA P/N values (r 2 = 0.45 and 0.98 before after IgM depletion, 

respectively). The MIA detected maximal IgG reactivity 72 days after disease onset whereas 

the IgG ELISA P/N value was highest at 430 days post onset. In convalescent specimens 

obtained at days 72 and 260 post-disease onset, anti-IgG treatment depleted >80% of rWNV-E 

MIA reactivity. Anti-IgG treatment of the day 18 specimen depleted only 1 1% of the MIA 

reactivity. These data indicate that this patient's IgM response to WN virus infection 

predominated only during acute infection. 

EXAMPLE 30. rWNV-E MIA ANALYSIS OF SERA 

FROM PATIENTS WITH SUSPECTED VIRAL ENCEPHALITIS 

New York State Department of Health serum archives provided an opportunity to 

evaluate 833 sera from patients with suspected viral encephalitis in the rWNV-E MIA. With 

P/N >4.0 used as a positive cutoff, 188 (23%) sera were positive in the MIA (mean P/N 18.3 ± 

15.8; range 4.07 to 122). A polyvalent (IgM-i- IgG) MIA result was obtained for each of the 
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833 sera. In contrast, IgG ELISA results for 131 (16%) sera were reported as 
"uninterpretable" due to high non-specific background in negative control ELISA assays. (A J. 
Johnson et al., D.A. Martin et al.). One hundred fifty-one (18%) of the 833 sera were positive 
in the IgG ELISA (mean P/N 1 1.51 ± 5.96; range 3.08 to 27.4). The MIA had high sensitivity 
(0.94) and specificity (0.95) for sera with anti-WN virus IgG antibodies detected by the 

IgG ELISA (positive predictive value = 0.829; negative predictive value = 0.98, 
Positive and negative test results for the two assays were concordant (kappa = 0.85). Fig. 33 
compares MIA and IgG ELISA P/N results for sera with interpretable IgG ELISA results. 

IgM capture ELISA data were available for 806 of the 833 sera from patients with 
suspected viral encephalitis. Ninety-six (12%) sera were positive in this assay (mean P/N 
12.49 ± 4.13; range 7.18 to 25.9). Seven hundred (87%) sera were negative. Ten sera (1%) 
provided nonspecific results. The polyvalent MIA detected 80 (83%) of the 96 sera that were 
positive in the IgM-capture ELISA. Sera positive in the standard polyvalent MIA (n = 172) 
were re-assayed after depletion of IgG to measure IgM antibodies to WN virus E protein. 80 
(46%) sera were positive after removing IgG (mean P/N 19.5 ± 29.9; range 4.00 to 178). The 
IgG-depleted MIA sensitivity (0.61) and specificity (0.64) for sera positive in the IgM-capture 
ELISA (kappa = 0.25) suggested that capturing IgM antibodies may enhance anti-WN virus 
IgM assay sensitivity. However, twenty-three (36%) of the 64 discordant samples were 
positive in the IgG-depleted MIA, positive in the IgG ELISA, but negative in the IgM-capture 
ELISA. These samples apparently have IgM antibodies to WN virus E protein not detected by 
the IgM-capture ELISA. Forty-three (5%) of the 833 sera from patients with suspected 
flavivirus infection tested positive (mean P/N 7.28 ± 5.74; range 4.07 to 39.5) in the 
polyvalent rWNV-E MIA, but were negative or uninterpretable in IgM-capture and IgG 
ELIS As. These sera were initially identified as non-reactive or non-specific in the ELIS As, 
and no diagnostic or clinical follow up was performed that could rule out WN virus infection. 
The combined data indicate that the rWNV-E MIA has > 95% specificity in detecting 
flavivirus antibodies in sera from patients with suspected viral encephalitis. 
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EXAMPLE 31. WNV E-BASED MICROSPHERE IMMUNOASSA Y (MIA ) 
DETECTS ANTI-FLAVIVIRUS ANTIBODIES IN CEREBRAL SPINAL FLUID (CFS) 

Thirty-five CSF were evaluated in the rWNV-E MIA after depletion of IgG from the 
specimens. Twenty negative control CSF (mean MFI 69 ± 119; range 5 to 540) were 
evaluated, establishing MFI > 426 (3 standard deviations above the mean) as a cutoff for a 
positive CSF result. The MIA was then used to evaluate CSF from 15 encephalitis patients 
with flavivirus infection confirmed by serum PRN tests (Fig. 36). Twelve specimens (80%) 
were positive in the MIA before and after depletion of IgG, including eight CSF from patients 
infected with WNV, two CSF from patients infected with dengue virus, and two CSF from 
patients infected with an unidentified flavivirus. For most of these CSFs, depletion of IgG 
minimally reduced MFI values (Fig. 36), indicating that the anti-E protein antibodies were 
predominately IgM. MIA-negative CSF 9 and 10 were from patients with WN virus-specific 
serum antibodies. PRN tests of acute and convalescent sera indicated that these two patients 
did not have active flavivirus infection. 

Paired CSF and serum obtained on the same day were available for Patients 1-6. 

These patients had WN virus infection confirmed by serum ELISA and PRN tests. All six 

CSF were positive in MIAs (Fig. 36). In contrast, only one of these CSF, from Patient 2, was 

positive in IgM-capture ELISAs (data not shown). 

EXAMPLE 32. WNV NS5 -BASED IMMUNOASSAY 
DETERMINES WHETHER PREVIOUSLY- 

VACCINATED HORSE HAS SUSTAINED NEW EXPOSURE TO WNV 

Using the WNV NS5-based immunoassay, in particular the microsphere immunoassay 
(MIA), a determination can be made as to whether the horse has been exposed and infected 
with WNV. Compared with live attenuated virus vaccine, the duration of protective antibody 
in response to "killed" WNV vaccination is relatively short. Thus, there exists an ongoing 
risk that the horse could be infected with WNV upon exposure or reexposure thereto. In other 
words, since protective immunity wanes quickly, veterinarians may be increasingly challenged 
to diagnose neurological illness that could be due to WNV infection in previously WNV- 
vaccinated horses. Such diagnosis will be problematic for structural protein-based assays, 
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such as the WNV E-glycoprotein assay, due to the presence of preexisting antibodies to the 
structural protein as a result of the immune response to the vaccination. 

A two-step suspension microsphere immunofluorescence assay will be performed. 
Multiscreen 96-well filter plates with 1.2 |im Durapore filters (Millipore, Bedford, MA) and a 
Multiscreen vacuum manifold (Millipore) facilitated microsphere washing. Briefly, filter 
plate wells will be blocked for 2 min with PBN buffer. Diluted serum samples (for example, 
50 pJ, diluted 1: 100 in PBN) will be added to test wells. IgG-depleted sera will be diluted 10- 
fold during depletion, and will diluted an additional 10-fold in PBN for analysis in the rWNV- 
NS5 MIA with polyvalent secondary antibody conjugate. NS5-antigen-conjugated 
microspheres (2,500 in 50 jllI PBN) will be added to each well and incubated. Diluted 
fluorochrome-labeled secondary antibody (50 (il of a 1:250 dilution in PBN) will be added to 
each well. As an example, the secondary antibody can be polyvalent goat F (ab')2 anti-horse 
immunoglobulins (IgG+IgA+IgM) conjugated to red-phycoerythrin (R-PE) obtained from a 
commercial or veterinary source. After incubation, microspheres will be resuspended in 125 
(il PBN per well. Seventy-five microliter aliquots will be transferred to opaque black 
EIA/RIA 96-well plates with breakaway strips (Costar, Corning, NY), and will be evaluated 
for microsphere fluorescence intensity using a Luminex 100 instrument (Luminex Corp.). 
This instrument is a dual laser flow analyzer. The first laser excites the flourochrome mixture 
intrinsic to the microspheres, enabling the bead identity to be determined as the bead passes 
single file through the laser path in the flow cell. The second laser excites the extrinisic 
flourochrome (red-phycoerythrin) that is covalently attached to the reporter antibodies (goat- 
anti horse immunoglobulins). The dual lasers allows the operator to mix beads with different 
antigens together in a well of a filter plate, thus enabling multiplex analysis of different 
antibody specificities at one time. 

The instrument will be calibrated with CL1/CL2 and RP1 calibration microspheres 
from Luminex Corp. according to the manufacturer's directions. The median fluorescence 
intensity (MFI) of fluorochrome-conjugated secondary antibody bound to individual 
microspheres will be derived from flow analysis of 100 microspheres per well. Results for 
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each assay will be expressed both as MFI and as a horse/negative (P/N) MFI ratio, i.e., the 
MFI for the horse's specimen divided by the MFI obtained from a pool of 10 negative control 
sera. The negative control sera will contain no detectable antibodies to WN virus in IgM- 
capture and IgG ELISAs. 

Positive detection of anti-NS5 antibodies will indicate recent exposure of the horse to 
WNV or an ongoing WNV infection. Killed WNV vaccine is not expected to generate any 
immune response to NS5 proteins since the WNV vaccine is not expected to replicate. Non- 
replicating viruses do not produce new NS5 protein. Thus, the NS5-based microsphere 
immunoassay will be useful for discriminating between horses that have been vaccinated 
previously with killed WNV vaccine and those that have been previously been vaccinated and 
were exposed and infected with WNV. 
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